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SECTION I. 

PRELIMINARY DEFINITIONS AND EXPLANATIONS. 

1. Def. a fluid is a collection of material particles so 
situated in contact with each other as to form a continuous 
mass, and such that the application of the slightest possible 
force to any one of them is sufficient to displace it from its 
position relative to the rest. 

That part of Statics j where a fluid appears as the principal 
means of transmission of force, is termed Hydrostatics. The 
law of that transmission must, like the law of transmission 
by a rigid body, by a free rod or string, or by contact of 
surfaces, &c., be established by experiment. 

The mutual forces called into action by the contact of 
surfaces are in Statics called pressures : this term is used in 
the same sense in Hydrostatics, where it is applied to denote 
the forces of resistance, which adjacent particles of the fluid 
exert, either upon one another, or upon rigid surfaces in con- 
tact with them. The nature of the reaction between a rigid 
surface and a fluid in contact with it might perhaps be arrived 
at by the aid of analysis from the above definition. But such 
an investigation, even if entirely satisfactory in itself, would 

■"■ P.H. 1 
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be out of place in this treatise. It may here therefore be 
taken as the result of experiment that : 

When a fluid rests in contact with a rigid hody^ a mutual 
force of resistance is called into action at every point of the 
common surface of contact^ the direction of which force is 
normal to that surface, 

2. If in the side of a vessel, containing fluid upon which 
forces are acting, a piston be placed, the pressure exerted 
upon it by the fluid particles with which it is in contact, 
would thrust it out, unless a force suflScient to counteract this 
pressure were applied to the back : this counteracting force is 
of course exactly the measure of the pressure of the fluid 
upon the piston. It is not difficult to conceive that, generally, 
the magnitude of this pressure would be difierent for different 
positions of the piston in the sides of the vessel ; inasmuch 
as the portions of the fluid which it would touch at those 
difierent places, would not necessarily be similarly circum- 
stanced, and would not therefore require for the maintenance 
of their equilibrium that the piston should exert the same 
force upon them : when, however, the pressure for &oery such 
supposed position of the piston, wherever taken, is the same, 
the fluid is said to press uniformly^ and when not so, its 
pressure is said to be not uniform. 

Again, it is clear that the pressure upon the piston in 
any given position must vary with the magnitude of its sur- 
face, and if this were reduced to a mathematical point the 
pressure upon it would be, strictly speaking, absolutely 
nothing, because the surface pressed is nothing; but even in 
this case the conception of the pressure at the point is perfectly 
definite; it signifies the capability or tendency which the 
fluid there has to press, and which, if existing over a 
definite area, would produce a definite pressure; and this 



AND EXPLANATIONS. 3 

view of it leadd us to the following usual definition of its 
measure. 

The pressure at any point of a fluid is measured by the 
pressure which would be produced upon a unit of surface^ if 
the whole of that unit were pressed uniformly with a pressure 
' equal to that which it is proposed to measure. 

3. It is usual to represent this measure of the pressure 
at a point by the general symbol p ; and whenever it is said 
that a surface^ in contact with a fluid and containing A units 
of area, is pressed uniformly with a pressure py it is meant 
that the pressure of the fluid at every point of it, measured 
as above defined, is equal to p units of force : hence if P be 
the pressure which the fluid exerts upon this surface Ay since 
the pressure is uniformy and therefore the actual pressure 
upon each unit is py the pressure upon the A units must be 
A times p, or F=pA, 

It may be here remarked, that as P is of four linear 
dimensions, being the measure of a moving force, and A is of 
two, therefore p must be of two dimensions, i. e. if the linear 
unit be supposed increased n fold, the numerical value of p 
for a given pressure will be increased n^ fold. 

4. In the foregoing explanation of the meaning of the 
term "pressure at a point" in a fluid, the point has been 
assumed to be in contact with a rigid surface, which was 
supposed to be the subject of the pressure ; now if we con- 
sider any portion of fluid, within a larger mass and forming 
part of it, no force but that of resistance can be exerted upon 
it by the surrounding fluid; for we may imagine it to be 
isolated from the rest by an excessively thin enveloping film, 
which will manifestly produce no disturbance among the par- 
ticles of either portion of the fluid, because its existence 
neither introduces new forces nor destroys any of those which 
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« 

are acting ; further, this film may be supposed rigid, without 
aflFecting the relative positions or equilibrium of the particles 
forming the interior and exterior portions of fluid : but under 
this hypothesis the pressure at any point, of either the inte- 
rior or exterior fluid, which is in contact with the rigid film, 
acquires the meaning given above, and as the introduction of 
the film in no way alters the actions of the portions of fluid 
upon one another, we thus arrive at the conclusion that 
diflFerent portions of a mass of uniform fluid only press against 
each other in the same way as they would against rigid sur- 
faces of the same form, and therefore the term " pressure at 
a point" means the same thing whether the point be within 
a fluid or be in one of its bounding surfaces.* 

5. This last conclusion with regard to the action of 
difierent portions of the same fluid upon one another, which 
is of considerable importance in the solution of hydrostatical 
problems, does not rest solely upon reasoning analogous to 
that just given. It may be considered as a fact deduced firom 
experiment, in the same way as all other physical laws 
(Art. 7), that: 

The statical action of any one portion of a fluid upon that 
which adjoins ity is the same as if the latter portion were a 
rigid hody having the imaginary surface, lohich divides the two 
portions^ as its surface of contact with the fluid. 

We are therefore justified, whenever it concerns us to in- 
vestigate the pressures exerted by a surrounding fluid upon an 
included portion, in replacing this portion by a conterminous 
solid. It is generally convenient to take for such a purpose 

♦ The analogy between "pressure at a point" in a fluid, and "velocity at 
any instant'* of a moving particle, and between their respective measures, is 
too striking to escape the notice of the student; both terms are abstractions 
employed for the purpose of avoiding the constant use of the periphrasis, which 
is given once for all in the definitions of their measures. 
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the solid which would be formed by supposing the constitu- 
ent particles of the portion of fluid, which it is wanted to 
replace, to become by any means rigidly fixed in their relative 
positions and to be still affected by the same external forces 
as before: it is manifest that such a solid could not differ 
from the fluid which it replaces, as regards its action upon the 
surrounding fluid, for it would itself be identical with it in 
every way, were it not for the circumstance that its particles 
are supposed to be provided with an artificial check against 
moving from their relative positions, in addition to, or rather 
instead of, the mutual resistances which effect the same end 
in the fluid state. 

6. If a surface opposed to a fluid be itself rough or 
capable of exerting friction, the particles of fluid adjacent to 
it would, as it were, adhere to it and thus form a sort of 
polished veneer, because the definition of a fluid, which states 
that the application of the slightest force is capable of dis- 
placing the particles, precludes all idea of the existence of any 
tangential action between the particles themselves ; and there- 
fore although there may be resistance to the tangential motion 
of the particles in contact with the surface, there can be none 
between them and their next neighbours. For the same 
reason, whenever a portion of fluid is supposed to become 
solidified, its surfaces must be considered perfectly smooth. 
Hence in all cases the pressure of fluids is normal to the sur- 
faces pressed. (Art. 1.) 

It is true that very few fluids answer strictly to the defi- 
nition given above (Art. 1) ; there is generally a certain 
amount of friction or viscosity between their particles, and in 
all cases, where the instantaneous effect of forces upon a fluid 
is the subject of investigation, this mutual tangential action 
between the particles cannot be neglected. But it is found 
practically that when once equilibrium is established, the 
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particles have always assumed such a position inter se that no 
tangential action is called forth; and therefore it is imma- 
terial to consider whether the capability for it exists or not. 
Thus if any semi-fluid such as honey or treacle be allowed to 
assume its position of equilibrium under the action of gravity, 
it will do so very slowly compared with water under the 
same circumstances, but in the end it will be found that its 
position is exactly the same as that of the water. Hence in 
Hydrostatics all fluids whatever may be assumed to be perfect 
fluids. 

7. The law of transmission of pressure through fluids, 
which was alluded to above, may be stated as follows : 

A force applied to the surface of a fluid at rest is trans- 
mitted^ unchanged in intensity ^ in all directions through the 
fluid. 

Like all other physical laws, this is experimental; or 
rather it is suggested by experiment, and its proof is deduced 
from a comparison of the results of calculation based upon it, 
with those of corresponding observations: in this sense the 
following experiment may be said to prove it. 

The annexed figure represents a vessel of any shape con- 
taining a fluid, which may be supposed to be acted upon by 
gravity, as must generally be the 
case, or by any other forces what- 
ever : into the sides of this vessel 
are fitted any number of pistons, 
represented by -4^, A^...A^^ and 
having plane faces whose areas are 
respectively a^, aj...a„; sufficient 
forces are also supposed to be ap- 
plied to these pistons to keep them 
in their places ; in fact whatever be 
the forces whether only gravity or 
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any thing else which are acting upon the system, the whole 

is supposed to be in equilibrium. If now any additional 

force as P^ be applied to the piston A^^ it is found that to 

preserve equilibrium additional forces P^, P^^^^Pn i^iist be 

also applied to the pistons A^ A^,,.A^ respectively such in 

P P P 

magnitude that —* = —? = &c. = — " : this result clearly shews 

P 

that the application of a pressure — * upon each unit of area 

of the piston A^ has caused the same additional pressure upon 
every unit of area in each of the other pistons. In this way 
may the truth of the principle enunciated be verified. 

CoE. It follows from this that the pressure at any point 
within a fluid mass is the same for all directions. For the 
action between any two adjacent portions of the fluid at any 
point would be the same as would exist if we suppose one 
of the portions to become rigid (Art. 5). In this case the 
pressure at the point would be caused by a rigid surface 
pressing on the fluid, and therefore, by the principle just 
enunciated, would be the same in all directions.* 

8. Of fluids there are some, such as air, whose volumes 
or dimensions are increased by diminishing the pressure upon 
them and vice versa; these are commonly called elastic fluids, 
and all others inelastic. Inelastic fluids are also often dis- 
tinguished by the name of liquids, while elastic are called 
either gases or vapours according as their state is one of per- 
manent or temporary elasticity. It is probable that every 
fluid is compressible, when very great pressure is employed 
for the purpose, although within the limits of the forces with 
which we shall be concerned no appreciable error will be 

* The fact of fluid pressure at a point being equal in all directions, leads 
isimediately to this: that the resultant pressure upon any indefinitely small 
surface passing through that point must be normal to the surface. (Art. i.) 
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committed by considering water, mercury, &c. which con- 
stitute the inelastic fluids, or liquids, as incompressible. 

9. The conception of the mass of any portion of a fluid 
is the same as that of a solid, and its measure is also the 
same : thus if M be the mass of a portion of fluid whose 
weight is TF", the accelerating force of gravity being g^ we 
have the relation, 

W=Mg (1). 

10. If any eqilal volumes of a fluid, wherever taken 
throughout its extent, always contain the same mass, the 
fluid is said to be of uniform density or homoffeneous : other- 
wise its density is not uniform ; it may evidently vary by 
insensible degrees from point to point. 

The density at any point is measured by the ratio between 
the mass which would be contained in a unit of volume, if 
the fluid throughout that volume were of the same density as 
at the proposed point, and the mass contained in a unit of 
volume of some homogeneous standard substance. Thus if 
Fbe the volume of the mass Min the previous example, and 
if the density of the mass be the same at every ppint, and be 
represented by />, the mass in each unit of the volume Fwill 
be = /}, and .'. M= F/o, the unit in which this mass is 
estimated being the mass of a unit of volume of the standard 
substance. We might write therefore, instead of the above 
form, 

W=pVg (2). 

Note. — It is very important to remember the unit of 
weight in terms of which W is here given. 

It can be discovered as follows : 

The equation 

W=pVg 
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signifies that the weight of the volume V of any substance of 
which the density is measured by />, equals pVg times the 
unit of weight ; 

.*. putting V= 1, /} = 1, 

the weight of the volume unity of any substance, of which 
the density is unity, equals g times the unit of weight. 

Hence, the unit of weight assumed in formula (2) equals 
the ^ part of the weight of the unit ofvolums of the substance 
hy reference to which p is estimated, 

11. It is sometimes convenient, in reference to imiform 
fluids, to consider the weight of the portion contained in a 
unit of volume, rather than the m>ass of the same portion as 
we do when we speak of density ; the term used to designate 
the particular quality thus referred to is specific gravity , which 
is generally defined as follows : 

The specific gravity of a uniform fluid is measured hy the 
weight of a unit of its volume estimated in terms o/^THE weight 
OP A UNIT OF VOLUME of some particular standard fluid^ 
taken as the unit of weight ; ^. e. the specific gravity of 
any substance is the ratio between the weight of any given 
volume of it and the weight of the same volume of the 
standard substance. 

If therefore V and W denote the same things as in the 
preceding examples, and 8 be the specific gravity' of the 
fluid, we get 

W=BV. (3). 

Note. — By expressing in words the meaning of this 
equation, it appears very clearly, as in (Art. 10, Note), what 
is the unit of weight here assumed. 
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The equation (3) declares that 

the weight of a volume Fof any substance of which the 
specific gravity is 8j equals S'F times the unit of weight; 

/. putting F=l, ;S=1, 
it follows, that 

the weight of a volume unity of a substance of which 
the specific gravity is unity equals the unit of weight ; 

or the assumed unit, in terms of which W is given 
in equation (3), is the weight of the unit of volume of 
the substance by reference to which 8 is estimated. 

It may be well to caution against the following error, 
which results from forgetting that the units of weight in (2) 
and (3) are different. 

It is frequently concluded that, because (2) gives 

W=gpV, 
and (3) gives W==8V, 

.'. numerically gp V= 8Vy and gp = 8. 

The true numerical statement is 

^'pF times the unit of weight in (2) = 8V times the 
unit of weight in (3) ; 

whence we get, if the substances to which p and 8 
refer be the same, p = /8; 

a result clearly consistent with the definitions of p and 8: 
for, since weight varies as mass, the ratio between the masses 
of two substances equals the ratio between then: weights. 

12. In order to reduce the weight of a given substance, 
determined by (2) or (3), to pounds or ounces, it is neces- 
sary to know in pounds or ounces the weight of the unit of 
volume of the standard substance. 
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K, as is generally the case, distilled water be the sub- 
stance to which specific gravities and densities refer, and a 
cubit foot be the unit of volume, the unit of weight in (3) 

nearly equals -— ^ lbs., because the weight of one cubic foot 

of distilled water is nearly 1000 oz. 

• The unit of weight in (2) will then be oz., and there- 

fore is still arbitrary as long as the unit of time is arbitrary, 
for upon this, as well as upon the unit of length, the numerical 
value oig depends. 



EXAMPLES TO ARTICLES 10, 11, 12. 

(1) K one second be the unit of time, what must be the 
unit of length in order that the formula W=gpV may give 
the weight in lbs., supposing the unit of volume of the 
standard substance to weigh 16 lbs.? 

(2) Determine, approximately, the unit of time that the 
unit assumed in W—gpV may equal five ounces when one 
foot is the unit of length and water the standard substance. 

(3) Find the unit of time, when two feet is the unit of 
length, in order that the units of weight in ^'pF and /S^Fmay 
be equal. 

(4) Obtain the specific gravity of the standard substance 
referred to water, when TF= 5Fgives the weight in pounds. 



SECTION II. 



INELASTIC FLUIDS. 



M 



• 13. The pressure at any point helow the surface of a uni- 
form fluid^ which is at rest under the action of gravity alone, 
varies as the vertical distance helow the surface, 

[Definitions. The vertical line at any given place is the 
direction of gravity at that place. It can, therefore, be prac- 
tically defined as the direction of a plumb-line at rest under 
the action of gravity only. 

The horizontal plane at a given place is the plane to 
which the vertical line at the same place is perpendicular.] 

__ Let P be the point below the surface, p the 
pressure at that point, measured as in Art. (2), 
M the point where a vertical through P meets 
the surface : let MP be represented by z, and let 
a prism of fluid of very small transverse section 
a, having MP for its axis, be considered. No 
P circumstances aflFecting the equilibrium of the 

particles of fluid will be introduced by supposing those form- 
ing the prism to be solidified into one mass, (Art. 5). 

But under this supposition the rigid prism MP is in equi- 
librium under the action of 

its own weight vertically downwards, 
the pressure of the fluid vertically upwards upon 
its base a, 
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and the pressures upon its sides which, being normal 
to these sides, (Arts. 5 and 1), are all perpendicular to 
the axis and therefore horizontal. 

These two systems of vertical and horizontal forces must 
be separately in equilibrium, and hence the pressure on the 
base equals the weight of the pri^m. 

Since a is very small the pressure upon it may be con- 
sidered uniform throughout its area, because the error intro- 
duced by this will not be comparable with the whole pressure; 
it is therefore at every point approximately equal to p^ the 
value which it has at P* : hence the whole pressure on the 
base is approximately pa : also the volume of the prism is 
very nearly a«, and if the density of the fluid be p, the mass 
of the prism is equally nearly paZy and its weight pazg ; we 
get therefore from the foregoing considerations, 

pa = pazg (1) 

the more nearly as a is diminished indefinitely, 

6rjp=^ffpZj accurately; 
hence for the same fluid j? oo z. 

Note. It must be remembered that the unit of force in 
terms of which p is here expressed is a force equal to the 

weight of - of the unit of volume of the substance to which 

^ . . . 

p refers. This is introduced in equation (1) where the weight 

of the prism of fluid is put equal to gp x its volume. It is 

♦ It appears from (Art. 14) that pa strictly gives the pressure on the hori- 
zontal area a for any yalue of a ; but in the proof of the proposition of this 
Article, we of course are not at liberty to assume the result of a subsequent 
proposition. Moreover, as we know nothing as yet of the form of the surface 
of the fluid, we must consider a indefinitely small, in order confidently to put 
az as the volume of the prism. 
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necessary also to observe that the unit of volume is the cube, 
of which each edge equals the unit of length. 

13*. If the upper surface of the fluid be subject to a 
pressure of which the measure is^^, (1) becomes 

pa=^pazg+p^aj ultimately; 

which determines the pressure at every point. 

14. Within a uniform fluid^ which is at rest under the 
action of gravity alonCy the pressure at every point in the 
same horizontal plane is the same. 

Let P, Q be any two points lying in the same horizontal 
plane below the surface of the 
proposed fluid; suppose a prism 
of fluid having FQ for its axis, 
and a very small transverse sec- 
tion a to become solid; this can 
in no way affect the conditions 
of equilibrium of the fluid. "^ "* 

(Art. 5.) 

This prism is kept at rest by 

the pressures on its two ends P, Q normal to these 
terminal planes, and therefore in the direction of PQ, 
i. e. horizontal ; 

the pressures upon its sides normal to these sides, 
and therefore perpendicular to the axis PQ ; 

and its own weight acting vertically downwards, 
and therefore also perpendicular to PQ; 

therefore resolving along PQ the pressures upon the two ends, 
which are the only forces in this direction, must counteract 
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each other. Let p and j be the pressures at the points P 

and Q, then, since a is very small, the pressure over each end 

of the prism will be very nearly uniform and of the same 

intensity as at the middle point, and therefore the pressure 

at the end P is^a, and that at Q is ^a; but these must be 

equal, therefore 

pa = ja ultimately, 

or p = J. 

Hence, as P and Q are any points in the same horizontal 
plane, it follows that the pressure at all points in the same 
horizontal plane is constant. 

In the preceding proposition it was assumed that PJIf, and 
in this one that PQ^ lay entirely within the fluid ; i. e, that 
the rigid sides of the vessel or material containing the fluid 
were never inclined from the vertical towards the body of the 
fluid: but these propositions are also true whatever be the 
form of the sides, provided the different parts of the fluid 
contained by them are in free communication with each 
other. 

For let the annexed figure represent a quantity of fluid 
contained by the irregular sides ABCDEF. The circum- 
stances of the different par- 
ticles of this fluid cannot be i^ 
different from what they 
would have been had AE 
merely formed a portion of 
a larger quantity FAKLEy 
whose surface coincides with 

FA as far as it goes ; but in this case the proof of the fore- 
going propositions would have held for any points in the 
portion ABCDEF: the propositions are therefore always 
true, P's depth in the first one being its vertical distance 
below the surface or the surface produced. 
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15. The surface of a uniform fluid which is at rest under 
the action of gravity ahne is horizontal. 

For taking the first figure of Article (14), if P and Q be 
the points where vertical lines through P and Q meet the 
surface, then by (13) p:q::PP: QQ'; but by Art. (14) and 
Cor. Art. (7) 2? = j, .\PP'=QQ'. But P and Q are any 
two points in the same horizontal plane below the surface of 
the fluid, hence any two points in the same horizontal plane 
within the fluid are at the same vertical distance from the 
surface; therefore the surface being parallel to a horizontal 
plane is itself horizontal.* 

16. JTie common surface of any two fluids at rest in the 
same vessel will be a horizontal plane. 

To shew this, let KL be the 
common surface of any two 
fluids in contact, AB any given 
horizontal plane in the one, 
A'B in the other : take P any 
point whatever in the plane 
AB, draw PP' vertical to meet 
A'B in P', cutting KL in Q. 

Then by Art. (14) the pressure at P will be constant for 
all its positions in the plane AB, call this pressure p. Simi- 
larly the pressure at P' will be constant and may be repre- 
sented by p'. 

Now consider the equilibrium of a prism of fluid whose 
axis is PP' and whose transverse section is very small and 
equal a ; this prism of fluid is kept at rest by the normal and 
therefore horizontal pressures of the fluids upon its sides, the 
pressure downwards at P, equal to pa, the pressure upwards 
at P equal to^'a, and its own weight; 

* This result was not assumed in the figures of Art. (14). 
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.*. as these two systems, horizontal and vertical, 
must separately balance, 

ip' "P) ^ = weight of prism ; 
call PQy h and QF^ h', and PFy a, and let the densities of 
the fluids, in which AB and A'B respectively are, be p and 
Py then since the weight of the column is the sum of the 
weights of the two parts PQy and QPy if a be taken small 
enough, this will become gpha +gph'aj hence we get 

g{ph + ph')=p'-p; 
also h-]-h' = a, 

or h = - — ^ — ^R— = a constant, 

ffip-p) ' 

.*. the vertical distance of every point in the common surface 
from a given horizontal plane is the same, or the common 
surface is horizontal. 

17. If two heavy fluids, each of uniform density, be placed, 
one in each of two tubes or vessels which communicate with 
each other, the heights of their upper or free surfaces above their 
common horizontal plane of contact will be inversely as their 
densities. 

Suppose h and A' to be these heights, p and p the densi- 
ties of the corresponding fluids: now the pressure at any 
point at a depth h below the surface of the first fluid is gph, 
(Art. 13); similarly the pressure due to a depth h' below the 
surface of the second is gph' ; but either of these estimates 
must give us the pressure at a point in the plane of contact, 
hence they must be the same, (Art. 14) ; 

T tz> h p 
.'. pn = pn, or t> =— ? 

which proves the proposition. 

P. H. 2 
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18. If a surface he immersed in a fluid which is kept in 
equilibrium hy the action of gravity alone^ the total normal 
pressure upon it is the same as would he exerted upon a plane 
surface of equal area placed horizontally in the same fluid at 
the depth of the center of gravity of the immersed surface. 

Let the area of the given surface be A^ and suppose this 
so divided into n portions represented by aja^.-.a^, that by in- 
creasing n indefinitely these may all be diminished indefinitely, 
and may be ultimately considered plain areas all points of 
any one of which are at the same depth below the surface ; 
hence the normal pressure over any area would be approxi- 
mately uniform, and equal to that due to its depth : if there- 
fore Zr be the depth of the center of gravity of the area o^, 
p the density of the fluid, then as w is indefinitely increased, 
and therefore o^ diminished, the normal pressure upon a, con- 
tinually approaches to gpZrOLr. 

The same thing will be true for each of the other portions 
into which the surface has been divided; hence the total 
normal pressure will upon the same supposition approach the 
sum of the terms 

or if we represent this pressure by P, then 

P=^gp [z^OL^ + z^oL^ +. . .+ «„a„) (1) ultimately. 

But if z be the depth of the center of gravity of the 
whole area A below the surface, then 

i^ = 5jjai + «2«2+...+ «„a„ (2). 

This is true whatever be the magnitudes of a^, ag, &c. ; it will 
therefore be true when they are indefinitely small, which was 
the condition by which the equation (1) was obtained, and we 
may substitute from (2) into (1) : we thus get 

P=^gpzA; 



INELASTIC FLUIDS. 19 

but the right-hand side of this equation is evidently the pres- 
sure which would be exerted upon a surface A immersed at 
a uniform depth z in the fluid in question, and hence the 
truth of the proposition. 

This proposition admits of the following statement : 

If a surface be immersed in a fluid which is kept in equi- 
librium by the action of gravity alone, the total normal pressure 
upon it is equal to the weight of a prism of the same fluid, of 
transverse section equal to the area of the given surface and 
of altitude equal to the depth of the center of gravity of the 
immersed surface. 

It appears that P is given in terms of the unit of weight 
of Art (10). 

18*. If the surface of the fluid be subject to a uniform 
pressure of whiqh p^ is the measure, the total pressure on the 
immersed surface A will be 

p^A-\-gpzA. 

This will be understood at once on considering that the pres- 
sure on the surface is transmitted with equal intensity in all 
directions through the fluid. (Art. 7.) 

19. The last proposition gives only the sum of the nor- 
mal pressures upon a surface of a body immersed in a fluid 
which is acted upon by gravity alone : the resultant of the 
same pressures is equal to the weight of the fluid displaced by 
the body, its direction is vertical, and passes through the center 
of gravity of the fluid so displaced. 

Let Q represent the portion of the body which is im- 
mersed, whether it be totally so ot not. It is evident that 
the pressures upon the surface of Q in contact with the fluid 
depend only upon the position and extent of that surface. 
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and not at all upon the nature of Q itself: they will there- 
fore be unaltered if any other 
body conterminous with Q be 
substituted for it. Suppose then 
some of the fluid under consider- 
ation to be solidified into the 
form of Q and placed in its 
stead, the pressures on the sur- 
face of this solidified fluid are 

the same as those on Q; but this solidified fluid so placed 
will be at rest, for it would be so if it were not solid, and 
its solidification cannot affect equilibrium, (Art. 5): now the 
only forces acting upon this solidified fluid are its own 
weight, vertically downwards through its center of gravity, 
and the before-mentioned fluid pressures upon its surface, 
hence the resultant of these pressures must be equal and 
opposite to this weight. The fluid which we have supposed 
solidified is that which would exactly fill the place* of the im- 
mersed portion of the body, if the body were removed ; it is 
generally spoken of as the fluid displaced by it : the propo- 
sition is therefore proved. 

20. When a iody floats in a fluid under the action of 
gravity only^ the weight of the fluid displaced hy it is equal to 
its own weighty and the centers of gravity of the fluid displaced 
and of the body itself are in the same vertical line. 

The only forces acting upon the body are its own weight, 
in a vertical direction at its center of gravity, and the pressures 
of the fluid upon the surface immersed : hence since there is 
equilibrium, the resultant of these pressures must be equal 
and opposite to the weight of the body, and it must act 
vertically upwards through the center of gravity of the body ; 
but by the last proposition the resultant of these pressures 
was shewn to be equal to the weight of the fluid displaced 
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and to act vertically upwards througli the center of gravity 
of the fluid displaced. From these two aBsertions, then, we 
obtain that: the weight of the fluid displaced equals the 
weight of the floating body, and that the centers of gravity 
of the two lie in the same vertical line. 

21. If a floating body be disturbed in its position in 
such a way that the amount of fluid displaced by it remains 
the same, the forces acting upon it will be unaltered as regards 
magnitude and direction, for they will be, its own weight 
acting vertically downwards at its center of gravity and the 
weight of the displaced fluid, which is, as before, equal to the 
weight of the body, and acts vertically upwards through its 
center of gravity: but in the general case these two centers of 
gravity will be no longer in the same vertical line, and thus a 
couple will have been produced, under whose action the body 
will either return to its original position of equilibrium or will 
be removed fiirther from it, according as the new direction of 
the resultant of the fluid pressures, i, e. the weight of the fluid 
displaced, meets that fixed line in the body, which passes 
through its center of gravity and was vertical in the body's 
floating position, above or below the center of gravity. This 



is made evident by the annexed flgore, where the body is 
represented in its disturbed position, 5 is its center of gravity. 
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g' that of the fluid displaced, W the weight of the body, -B 
the resultant of the fluid pressures on its surface and therefore 
equal TF, M the point where the direction of JS meets the 
fixed line through g^ — the dotted figures refer to the original 
position of equilibrium. 

The original position of the floating body is said to be one 
of aixihle equilibrium, when upon a very slight disturbance of 
this kind the couple produced tends to bring the body back 
again, and unstable when the contrary is the case : instances 
of these two are given in the figure. The equilibrium is said 
to be neutral whenever this very small displacement fails to 
produce a couple, i. e. when the two centers of gravity are 
still brought by it into the same vertical line. 

It is not diflScult to see that when a body floats with its 
center of gravity below that of the fluid displaced, the equi- 
librium will be stable. 

Ex. In illustration of this article, consider the case of 
a floating body, of which the portion immersed is part of a 
sphere. 

The direction of the fluid pressures being normal will at 
every point pass through the center of this spherical surface. 

Therefore the direction of the resultant of the fluid pres- 
sures must, as well in the disturbed as in the floating position, 
pass vertically through this center. 

Hence, clearly, equilibrium will be stable or unstable 
according as the center of gravity of the body falls below or 
above the center of the spherical surface. 

22. If a hody he immersed in a fluid of less specific 
gravity than itself it will sink. 

Let V be the volume of such a body Q] 8y 8' the specific 
gravities of the fluid and body respectively ; then the forces 
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acting upon Q are its own weight =F)S' acting vertically 
downwards through its center of gra- 
vity, and the resultant of the fluid 
pressures upon its surface; but this 
resultant is equal to the weight of the 
fluid displaced by Qj = V8, and acts 
vertically upwards through the center 
of gravity of the fluid displaced, which 
is also that of the body, if we sup- vu 

pose the body and fluid each to be of ▼ ^^ 

uniform density; therefore on the whole the body is acted 
upon by a vertical force equal to the difference between these 
two, i. e, of the weight of the body and that of the fluid 
displaced by it, =V{S'—8) in a downward direction; it 
must therefore sink, 

23. If it be required to find the force to be applied 
by means of a string in order to hold the body in its posi- 
tion, it must evidently be equal and opposite to this force 
V{8'-8). 

But the force requisite to support a heavy body or to keep 
it from falling under the action of gravity is taken as the 
measure of its weight. Hence the foregoing shews that the 
apparent weight of a hody when immersed in a fluid is less 
than its real weight hy the weight of the fluid displaced. 
This result is very useful in finding the specific gravities 
of bodies. 

24. If on the contrary the specific gravity of the body 
immersed be less than that of the fluid, it will rise : for, as 
before, the resultant force upon the body is a single vertical 
force passing through its center of gravity, equal to the 
difference between the weight of the body and that of the 
fluid displaced by it, and acting in the direction of the larger 
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force, which in this case is upwards. This will serve to 
explain the ascent of a balloon. 

25. If the specific gravities of the body and fluid be the 
same, i.e. i£ 8 and 8' be equal, this resultant force clearly 
vanishes, and hence the body would rest in any position of 
total immersion. 



The remainder of this section gives some methods of 
comparing the specific gravities of different substances 
whether solid or fluid, and describes instruments called 
Hydrometers, which are used for the purpose: it may be 
remarked that in all cases the ratio between the weights 
of equal volumes of the two substances is the quantity 
sought. (Art. 11.) 

26. An ordinary balance adapted to weighing bodies in 
fluids is sometimes termed an Hydrostatic balance : one of the 




scales is small and hung very short ; at the bottom of the 
pan is a hook from which the body, while immersed in a fluid 
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contained in any vessel below it, may be suspended by a small 
string or wire. 

27. To find the specific gravity of a solid hody^ that of 
distilled water being taken as the unit. 

(1) When the specific gravity of the body is greater than 
that of the distilled water, or in other words, when the body 
sinks npon immersion : 

Let the weight of the body in vacuum be determined 
= W suppose ; then let its apparent weight in distilled water 
be ascertained by the hydrostatic balance, suppose it = W; 
then W— W is (Art. 23) the weight of the distilled water 
displaced by it; if then 8 be the specific gravity required, 
(Art. 11), 

^_ weight of the body 

~ weight of an equal volume of distilled water 

W 



W-W" 



(2) When the specific gravity of the body is less than 
that of the distilled water : 

Let a piece of some heavy substance be attached to the 
body, such that the whole will sink upon immersion ; let w be 
the ascertained weight of this attached portion in vacuum, w' 
in the water, W^ the weight of the compound body in vacuum, 
W/ the weight of the same in the water, and TF, as before, 
the weight of the body itself in vacuum ; then 

the weight of water displaced by the compound body 
when immersed = TT^ — TT/ 

of that displaced by the attached body ^w — w' ; 
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hence the weight of water displaced by the proposed body, 
which must be the difference between these, is 

therefore by the preceding case 

W 



8^ 



W,-W^-w + w' 



28. To find the specific gravity of a fluid. 

Let a vessel be filled with it and then weighed in vacuum, 
and let the weight so found be W; let also the weight of the 
vessel itself when quite empty be W^ and when filled with 
distilled water W": if care be taken to fill the vessel accu- 
rately, the volumes of the proposed fluid and of the water 
weighed will be the same; now the weight of the first is 
W- W, and of the latter W" - W\ hence if 8 be the 
Specific gravity required. 



/»= 



W"- W" 



By this method also the specific gravities of air, or any 
gases, or even of very fine powders, may be obtained. 

29. The specific gravities of two fluids may he compared 
hy weighing the same solid in each. 

Thus, let W be the weight of the solid in vacuum, 

TFj its weight when immersed in the first fluid, 

W^ when in the second fluid, 

then W — W^ is the weight of the first fluid displaced 
by it, 

TF— TFj is the weight of the second fluid displaced 
by it; 



INELASTIC FLUIDS. 27 

but these are the same in volume, therefore if S^y 8^ be their 
specific gravities, 

30. Of the weights which enter the preceding formulsB, 
those stated to be found by weighing in a vacuum, are very 
properly termed true weights; those found by weighiujg in 
any medium are usually called apparent weights. The differ- 
ence between the true and apparent weights is affected by 
two causes, which tend to counteract each other ; on the one 
side, the weight which the body requires to balance it is less 
than what it would require in vacuum by the weight of the 
medium which it displaces ; on the other, the balancing body 
is less than the weight which it is supposed to represent 
by the weight of the medium which itself displaces ; thus if 
a true lib. weight and a body Q when placed in the two 
scales of a balance in the air keep the beam horizontal, it can 
only be concluded that the lib. weight diminished by the 
weight of air which it displaces, is equal to the weight of Q 
diminished by the weight of air which Q displaces ; it will be 
seen that when the weight of air displaced by the two bodies 
is the same, the weight of ^ is 1 lb. and not otherwise. 

However, since the specific gravity of air is not greater 

than ^zTTy water being the standard substance, therefore the 
800 

apparent weight in air and the true weight of a substance 

whose specific gravity is not small, will differ very slightly ^ 

and may practically be considered equal. 

31. In the foregoing methods of finding the specific 
gravities of substances we have deduced them by considering 
them to be proportional to the weights of equal volumes ; it 
may be seen firom the formula (3) of Art. (11), that they are 
also inversely proportional to the volumes which have equal 



■p 



-Dl 
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weights. The two hydrometers which are most generally 
employed, are constructed respectively upon these two prin- 
ciples. 

The Common Hydrometer 

gives the ratio between the volumes of two liquids 
which have the same weight: the annexed figure 
represents it. AB is a thin graduated stem of uni- 
form transverse section, which at its lower extremity 
expands into a hollow globe BC] and to this is fixed 
a ball of lead D sufficiently large to bring the center 
of gravity of the whole instrument within it. 

To apply the instrument, it is immersed in a pro- 
posed fluid and allowed to find its position of equi- 
librium, which it will very readily do on account of 
the lowness of its center of gravity, (Art, 19) ; the 
stem will be vertical, and the number of its gradua- 
tions cut off by the surface of the fluid can be easily ob- 
served ; the comparison of this number with that given by 
immersion in the other fluid will lead us to the ratio between 
their specific gravities ; for let 8 and 8' be these, W the 
whole weight of the instrument, V its volume, and a^ the 
transverse area of the stem AB\ when the instrument is im- 
mersed in the first fluid suppose it to sink to P, then 

again, when immersed in the second fluid suppose it to sink 

toP'; then 

W=^8'{V^a,APy, 

8 _ V^ a^AF 
•*• 8' ~ F- a,AP '• 

hence the ratio between 8 and 8 is known when the numbers 
of graduations in AP and AP are known. 
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NtcholsoTi's Hydrometer. 

32. This instrument is adapted for finding the ratio 
between the weights of equal volumes of two 
fluids, or between the weights of a solid and an ^^^ 
equal volume of fluid. It is represented in the an- 
nexed figure ; BG is a hollow buoyant body of any 
symmetrical shape, -4 is a cup supported upon it by 
a rigid wire AB^ and i) is a similar cup suspended 
below by a wire CD. This cup is firequently capable 
of inversion, so as to hold down a body specifically 
lighter than the fluid. 

(1) To use this instrument for comparing the 
specific gravities of two fluids. 

Let W be the weight of the instrument, W^ the 
weight which must be placed in A in order to make 
it sink in the first fluid to a point Pin the stem AB, 
TFj the weight to be placed in A in order to make 
it sink to the same point in the second fluid : then 
the weight of the fluid displaced in the first case is W-\- W^y 
in the second W+ W^, and the volumes are the same in 
both; therefore if 8 and 8' be the specific gravities whose 
ratio is required, 

8 W+W, 

8'^ w+ w; 

(2) To compare the specific gravities of a solid and fluid : 

Let TFj be the weight required to be put in A in order to 
sink the instrument up to P in the fluid ; remove this and 
place the solid in A ; and let W^ be the weight which must 
in addition be put in A in order to sink the hydrometer in the 
fluid to the same point P; next place the solid in i), and let 
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TTg be the weight which must now be put in A to sink the 
instrument to the same point ; 

then the weight of the solid is W^ — W^ 

also its apparent weight in the fluid is W^— W^] 

but this must be its real weight diminished by the weight of 
the fluid it displaces ; /. the weight of fluid displaced by it 
is w.-W.-'iW.-W,) 

since then this displaced fluid is equal in volume to the dis- 
placing solid, if 8 and 8' represent the respective specific 
gravities required, 

33. When two or more fluids are thrown together in the 
same vessel, if they do not lie in masses superimposed so that 
the common surfaces are horizontal planes (Art. 16) they will 
become so intimately mixed as to form a new fluid. 

In this case, if the fluids be incompressible the specific 
gravity of the compound will be known when that of each 
of the composing fluids is so. For let F^, V^j.^.V^ be the 
volumes of the difierent fluids thus mixed together, 8^y 8^...8n 
their respective specific gravities; V^+V^-\-..,+ Vn is the 
volume of the resulting mixture, and if 8 be its specific 
gravity, since the weight of the whole must equal the sum of 
the weights of the parts, 

(F.+ ¥,+...+ FJ 8= VA+VA+-+ FA, 

and therefore 

o_ VA + VA+-+KS. 
K+v,+ + F„- 
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EXAMPLES TO SECTIOl^ II. 

(1) Let ABC be a rigid pipe of small bore, communi- 
cating at C with a vessel DGE^ 
whose top jD^is moveable up and 
down by some means which allows 
of the vessel remaining water- 
tight: it may be a piston fitting 
closely to a cylinder, or it may be 
more simply a board connected 
with the bottom by leather sides. 
If the whole of this be filled with 
water, it is found that a man may 
easily support himself upon DE, 

by merely closing the top of AB with his finger, or he may 
even raise himself by blowing into AB from his mouth. 
This phenomenon is sometimes called the Hydrostatic Para- 
dox: explain it. 

When the man applies his finger to -4, he presses the 

surface of the water in the pipe with a certain force, which 

(by Art. 7) is thence transmitted through the fluid to every 

portion of surface in contact with it : if then a be the cross 

section of the tube at A and P the force he applies, a force 

equal to P will be transmitted to every portion of DE which 

is equal to a ; but if -4 be the whole area of DE^ it contains 

A 

— such portions; therefore the whole force applied upwards 

OL 

A 
to DE^ — P, which may be quite large enough to support 

the man's weight, although P is small, provided the area a 

A 
be small compared with A, and therefore the firaction — 

a very large number. 
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If P be increased beyond this previously supposed value, 
by blowing or otherwise, the man will evidently raise himself. 

Ex. Find P that it may just support the man's weight 
W. 

(2) The pressure at a point P within a body of water, 
under the action of gravity only, is 50 lbs. ; given that the 
weight of a cubic foot of water is 1000 oz,, and that the unit 
of area is a square foot, find the depth of P below the 
surface. 

Let z be this depth in feet, then (by Art. 13) if p be the 
density of the water and p the pressure at P, 

weight of unit of volume of standard substance 
p^gpzy. — § ; 

.'. by the question, considering a foot as the unit of length 
and water as the standard substance, and .*. p = 1, 

50 lbs. = is X —7-z- lbs. 

16 

••• «-5j 
or the required depth is - of a foot. 

(3) A cylinder is immersed in water in such a way 
that its axis is vertical and its top is just level with the 
surface ; find the total normal pressure upon its bottom and 
sides. 

By Art. (16), this total pressure is equal to the weight 
of a cylindrical column of water whose base equals the area 
of the given surface pressed, and whose height is equal to the 
depth of the center of gravity of this given surface below the 
surface of the water. 
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But if T be the radios of the base and A the height of our 
cylinder, the area of the surface pressed is 

= area of base + area of sides 

= TTT* + 27rrA. 

Again, the depth of the center of gravity of this pressed 
surface below the top of the water 

/. the column of fluid whose weight is sought has a 
volume 

( 7rr*A + 27rr 

= irrh + ZTTT — ; 

.*. the pressure required is gp f ttt^A + 27rr 

= irgprh (r + A), 
p being the density of the water. 



(4) A triangle ABG is 
immersed in a fluid, its 
plane being vertical and the 
side AB in the surface : if 
O be the center of the cir- 
cumscribing circle, prove 
that the pressure on the 
triangle OCA : pressure on 
triangle GB :: sin 2-B : 
sin 2^. 
p. H. 
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The pressures on the two triangles will be to each other 
in the same proportion as the product of the area of each 
triangle into the depth of its center of gravity below AB^ 
(Art. 18). 

But \ig and g' be these centers of gravity, they will divide 
the lines Olc^ 01, drawn from to tKe points of bisection of 
A C and BC respectively, in the same proportion ; therefore 
they will be in a straight line parallel to that joining k and Ij 
and therefore parallel to AB. 

Hence the pressures required will be as the areas only, 
i. e. pressure on OCA : pressure on OCB. 

:: area OCA : area OCB 

:: sin^0(7:sinj?0(7 

:: sm2ABC:sm2BAC. 

Q. E. D. 

(5) A regular hexagon is immersed vertically in a fluid, 
so that one side coincides with the surface; compare the 
pressures on the triangles into which it is divided by lines 
drawn from its center to the angular points. 

(6) A cylinder whose height is 4 feet is sunk in water 
with the axis vertical till its upper face is 805 feet below the 
surface and the pressure on the top is found to be 35 lbs.; find 
the pressure on the lower face, neglecting the pressure of the 
atmosphere. 

(7) A square is just immersed in a fluid of density 8, 
with one side horizontal and with its plane inclined at 60° to 
the vertical : given that a cubic foot of the standard substance 
weighs 1000 ozs., find the side of the square that the pressure 
on it may be 216 lbs. 
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(8) A vessel containing water is placed on a table; 
supposing the vessel of such a shape that only half the 
fluid is vertically over its base, what is the pressure on the 
base? Is this the pressure on the table? Explain your 
answer. 

The reasoning of Art. (4) aided by a reference to the 
second figure of Art. (14) will explain how a rigid surface 
may supply the place of a vertical column of fluid. The 
rigidity is the result of internal forces, and does not afi*ect the 
pressure on the table. 

(9) The same quantity of fluid which will just fill a 
hollow cone is poured into a cylinder whose base equals that 
of the cone : compare the pressures on the bases, the axes of 
both vessels being vertical. 

If the cone and cylinder be resting on a horizontal plane, 
state how the pressures on this plane will be afiected, and 
explain the case fully. 

(10) Suppose a pound weight of a substance twice as 
specifically heavy as water to be hung into the water con- 
tained in a vessel, which is standing on a table, by a string 
not attached to the vessel, what would be the increase of 
pressure on the table? 

(11) A cylinder of given radius, height, and specific 
gravity, is partially immersed with its axis vertical in water, 
being held up by a string which is attached by one end to its 
top, and by the other to a fixed point vertically above the 
cylinder: supposing the string to stretch 1 inch for every 
6 lbs. which it supports, and that its unstretched length just 
allows the bottom of the cylinder to touch the water, and 
that a cubic foot of water weighs 1000 ozs., find the depth of 
immersion. 
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Let this depth be z feet : also let h be the height of the 
cylinder and r the radius of its base in feet, o- its specific 
gravity. 

Then the volume of water displaced by the cylinder is 
m^z cubic feet, and therefore the weight of it, which is the 
same as the resultant of the fluid pressures upwards upon the 
cylinder, must be (Art. 19) 

, 1000 „ 
= 7rr^2j— rr-lbs. 
lb 

Also, since the string is stretched z feet, its tension must 
by question 

= 12j5 X 5 lbs. 

Now these two forces, each acting vertically upwards 
upon the cylinder through its center of gravity, and the 
weight of the cylinder itself acting vertically downwards 
through the same point, are the only forces which are acting 
upon the cylinder ; therefore, for equilibrium it is only neces- 
sary that the sum of the first two equal the last ; but the 

weight of the cylinder = tt/^A x <r x -jt- lbs.. 



+ 60 j = TTcrr'A X 



2 1000 _^ o, 1000 

.•. z I Trr ■ 



16 I 16 

or z = — • leet. 

o 24 

'^+25 

It should be observed that all the symbols here used are 
necessarily by the statement numerical quantities. 

(12) What weight is just suflScient to hold down a bal- 
loon containing 2500 cubic feet of hydrogen gas (specific 
gravity .069 referred to air) supposing the weight of the 
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material enclosing the gas 4 lbs. and the weight of a cable 
foot of common air 1.1 oz.? 

(13) A cylinder which floats in water under an exhausted 
receiver has f of its axis immersed ; find the alteration in the 
depth of immersion when air, whose specific gravity is .0013, 
is admitted. 

(14) A cone 7 inches in height and 2 inches in diameter 
at its base is attached to* a hemisphere of equal diameter: the 
specific gravity of the cone is 1.5, that of the hemisphere is 
1.75 ; find the specific gravity of the fluid in which this com- 
pound body will sink to a depth of 3 inches with the vertex 
of the cone upwards. 

(15) When 30ozs. of an acid A whose 'specific gravity 
is 1.5 are mixed with 35ozs. of an acid B whose specific 
gravity is 1.25, and with 35ozs. of water, the specific gravity 
of the resulting mixture is found to be 1.35 ; find the con- 
traction of volume, assuming the specific gravity of water 
to be 1, and the weight of a cubic foot of its volume to be 
1000 ozs. 

35 

The volume of 35 ozs. of water =T7^7^7: cubic feet, 

30 A= ^« 



35 B 



1.5 X 1000 

35 
1.25 X 1000 



Also the volume of the 100 ozs. of mixture 

100 



1.35 X 1000 



cubic feet; 
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.'. the loss of volume is 

' _ 30' , 35 100\ 1 , . , . 

^^ + 175 + 05 - 1:35 j 1000 '^'^^^^ f^'*- 

• 

(16) A man whose weight is 168lbs. can just float in water 
when a certain quantity of cork is attached to him. Given 
that his specific gravity is 1.12, that of cork .24, and that of 
water 1, find the quantity of cork in cubic feet, assuming a 
cubic foot of water to weigh 1000 ozs. 

Let Fbe the required number of cubic feet of cork, then 
Fx .24 X -7^+ 168 is the weight of the man and cork to- 
gether in lbs. 

By the question this must be just equal to the weight of 
the same volume of water ; and the volume of the man in 

cubic feet is --r^ — tt^t^j because each cubic foot of him 

1.12 X 1000' 

weighs 1.12 x 1000 ozs. (Art. 11), and his whole weight is 

given to be 168 lbs. ; 

=112 ^i««' 

y_ 16 X 12 X 168 _ 16 X 12 X 168 
~ 112 X .76 X 1000 "" 112 X 760 

_ 6 X 168 _ 6 X 42 ^ 
~ 7 X 380 ~ 7 X 95 ' 

.-. V= .37895 of a cubic foot. 
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(17) If in a circular tube two fluids be placed so as 
to occupy 90** each, and 
if the diameter joining 
the two open surfaces be 
inclined at 60° to the ver- 
tical, prove that the den- 
sities are as 

V3 + 1:V3-1. 

Let ACBD be the 
tube; AD^ BD the por- 
tions of it occupied by the 
two fluids whose specific 
gravities may be repre- 
sented by p and p respec- 
tively: if the diameter 

A OB be drawn, it will be inclined to the vertical at an angle 
60°. Let the horizontal line through 2>, the common surface 
of the two fluids, meet the verticals through -4, 0, and B 
respectively in if, N, and P, and draw Af^ Bg perpendicular 
to ON. 




Then, by Art. (33), 

pBP ON+Off 
p'" AM" ON- Of 



QJ sin 60°+ OP cos 60* 
Oi>sin60°-O^cos60* 

tan 60° -f 1 
tan60°-l 

\/3 + l 



a/3-1' 

(18) Equal volumes of oil and alcohol are poured into 
a circular tube so as to fill half the circle, shew that the 
common surface rests at a point whose angular distance fi:om 
the lower point is tan"^ j^j ; the specific gravities of oil and 
alcohol being .915 and .795. 
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(19) A body P weighs 10 lbs. in air and 7 lbs. in a fluid 
Ax if it be attached to a denser body Qy and then suspended 
in another fluid B, the apparent weight of both bodies is 
5 lbs. less than that of Q alone ; compare the specific gravities 
of A and B. 

(20) A cone floats in a fluid with its axis vertical, the 
vertex being downwards and half its axis immersed ; compare 
the specific gravity of the cone with that of the fluid. 

(21) The specific gravities of sea- water, olive-oil, and 
alcohol are 1.027, .915, and .795; the oil and alcohol have 
depths one inch and two inches above the water. Find the 
pressure on 3 square inches of a plane surface which is im- 
mersed horizontally at a depth of 5 inches below the upper 
surface of the oil : the weight of a cubic foot of distilled water 
being 1000 ozs. 

(22) If 8 be the specific gravity referred to water of a 
body whose bulk is n cubic inches and weight m ozs., then 

m X 1728 = 1000 xnxs. 

(23) The mean specific gravity of a plated cup is 7.6 ; 
that of the silver is 10.45 ; that of the unplated metal 7.3 ; 
compare the volumes and weight of the metals. 

(24) The specific gravity of zinc is 6.862, what is the 
weight of the water displaced by a portion of it, which when 
immersed weighs 5.862 lbs. ? 

(25) The volume between two successive divisions of 
the stem of a hydrometer is ttjVtf**^ P^'^ ^^ ^^^ hulk of the 
whole instrument ; it floats in water with 20 divisions above 
the surface : find the least specific gravity of a fluid in which 
it will float. 
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(26) A hydrometer that weighs 250 grains, requires 94 
grains to sink it in water to the requisite point, and 8 grains 
in naphtha ; when a substance is placed successively in the 
upper and lower cup, 1^ grains and 14 grains are respectively 
suflScient to sink the instrument in naphtha to the requisite 
point ; required the specific gravity of the substance. 

(27) How many inches are there in the edge of a cubical 
mass of coal which weighs 2 tons, its specific gravity being 
1.12? and what is the specific gravity of silver one cubic inch 
of which weighs 6.1 ozs. ? also what is the weight in ozs. of 
30 cubic inches of mercury, its specific gravity being 13.6? 

(28) If w^ w?2 w^ be the apparent weights of a body when 
weighed in three fluids whose densities are respectively p^p^p^, 
shew that 

«^l (Ps - P2) + '^2 [pl - Ps) + «^8 {P2 - Pi) = ^• 

(29) Two metals of which the specific gravities are 11.22 
and 7.25, when mixed in certain proportions without con- 
densation, form an alloy whose specific gravity is 8.72 ; find 
the proportion by volume of the metals in the alloy. 

(30) A small vessel when entirely filled with distilled 
water weighs 530 grains ; 26 grains of sand are thrown into 
the vessel, and the whole then weighs 546 grains. Shew that 
the specific gravity of the sand is 2.6. 

(31) A crystal of saltpetre weighs 19 grains: when 
covered with wax (the specific gravity of which is .96) the 
whole weighs 43 grains in vacuo and 8 grains in water. Shew 
that the specific gravity of saltpetre is 1.9. 

(32) 37 lbs. of tin loses 5 lbs. in water, 23 lbs. of lead 
loses 2 lbs. in water, a composition of lead and tin weighing 
120 lbs. loses 14 lbs. in water; find the proportion of lead to 
tin in the composition. 
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(33) A solid hemisphere turning round a fixed horizontal 
axis fits into a fixed hemispherical cup: shew that if the 
hemisphere be turned through any angle, and the cup then 
filled up with fluid of double the specific gravity of the solid, 
the solid will rest in that position. 

Let ADB be a section of the hemispherical cup made 




by the plane of the paper, perpendicular to the fixed axis 
about which the solid turns, G this axis, and HDBK' the 
solid turned through any angle A CH. If the part AHC of 
the cup be now filled up with fluid whose specific gravity is 
double that of the solid, equilibrium will be preserved. 

For it is manifest that equilibrium would obtain, if the 
space HGK were filled up with a portion of the same sub- 
stance as the solid hemisphere. Also, since the centers of 
gravity of the two figures, HCAj ACK are necessarily in the 
same vertical line, the efiect oiHCK'm producing equilibrium 
must be the same as a uniform solid HCA whose weight is 
equal to the sum of the weights of HGA and A GK together, 
i, 6. as a uniform solid HGA having double the specific gravity 
of the given solid. But since AGva horizontal, no new circum- 
stances affecting the pressure on EG would be introduced by 
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supposing this solid to become liquid, which would produce 
the proposed case : hence the truth of the proposition. 

(34) Is it advantageous to a buyer of diamonds that the 
weighing of them should be made when the barometer is high 
or when it is low, supposing their specific gravity to be less 
than that of the substance used as the weight? (Art. 30.) 

(35) A sphere of weight W with its center of gravity . 
bisecting a radius floats in a fluid: W is the weight of a 
volume of the fluid equal to the volume of the sphere ; shew 
that if W'>3 Wy there is a point within the sphere where a 
weight may be placed so that the sphere may float in any 
position with half its volume immersed. 

(36) Find the vertical angle of an isosceles triangle in 
order that, when floating with an angle at the base downwards 
in any fluid of greater specific gravity than itself, the opposite 
side may be horizontal. 

(37) A cylinder {s.g, a) floats with its axis vertical partly 
in one fluid {s.g.a'^)j partly in another [s.g.o'^y shew that 
the common surface divides the axis in the proportion of 



cr — o-j : o-j — <r. 



(38) A rod of density p and length a is freely moveaflble 
about one end fixed at a depth c below the surface of a fluid 
of density a* : shew that the rod may rest in a position inclined 
to the vertical provided that 



- > 1 < -^, 
P c 



and that such a position is stable. 
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34. Elastic fluids are either permanent gases, or vapours 
which upon a suflScient reduction of temperature assume the 
state of liquids : of these last steam may afford an example. 
There is however no hydrostatical distinction between gases 
and vapours, indeed there is every reason to think that they 
only differ physically in the range of circumstances under 
which they may be severally considered permanent. 

As is the case in inelastic fluids, so the pressure at any 
point within an elastic fluid is due partly to the transmis- 
sion of forces from the surfaces of the fluid, according to the 
law of (Art. 7), and partly to the direct action, at that point, 
of gravity or any other external force. But the one great dis- 
tinction between the two kinds of fluids is, that in the inelastic 
this pressure does not alter the relative distances of the adja- 
cent particles from each other ; they appear capable of affording 
reactions to any required amount, as is the case with rigid 
surfaces in contact, without their geometrical relations to each 
other being affected; while in elastic fluids, the reactions 
between adjacent particles seem to depend upon their mutual 
distances, the greater the force thus required to be called 
forth the nearer the particles approach each other, and the 
smaller the volume of the mass becomes (Art. 8); upon the 
diminution of this force they again recede, and the volume 
increases. The resultant of these reactions may therefore 
very well be termed the elastic force of the fluid at that point : 
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an experiment directed to ascertain its relation to the state of 
compression of the particles, i, e. to the density of the fluid, 
will presently be described. 

(35) The weight of elastic fluids such as air, is generally, 
for the ordinary volumes and densities which come under our 
notice, so small that it may be entirely omitted in comparison 
with the transmitted forces; the pressure then becomes uniform 
for every point throughout the mass, unless the circumstances 
of the case introduce other external forces. But the effect of 
gravity upon the mass of air contained in the enormous volume 
of the atmosphere produces a pressure at the earth's surface 
which can never be neglected; its amount may be easily 
estimated by the aid of 



The Barometer. 

36. Suppose a tube J3A of considerable length 
and filled with mercury, to be inverted into a vessel [Jb 
DG also containing mercury; and if the end B 
remain closed and A be opened, the mercury in the 
tube will be observed to sink to a certain point G 
and no farther, leaving a vacuum in the upper part 
BO of the tube ; let JDKE be the common surface of 
the external air, and the mercury; then the pressure 
at eveiy point of this must be the same (Art. 14) ; 
that at any point without the tube is due to the 
weight of the atmosphere, call it IT, and at any point 
within the tube it is due to the weight of the column 
CK of mercury ; hence if a be the specific gravity of 
mercury, and h be the vertical height oiKC, we must 
have (Art. 13) 

n = ah. 
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Hence since a*, the specific gravity of mercury, may be 
generally considered constant, we get 

ITxA, 

or h will serve to measure IT, the pressure of the atmosphere 
on a unit of area. 

Any instrument, as we have here described, furnished with 
graduations or any other means of observing the length KG 
or A, is called a Barometer. It is obvious that any other 
heavy inelastic fluid might be used instead of mercury, but as 
A varies inversely as a for a given value of IT, it is always 
advantageous to employ as heavy a fluid as possible, because 
the instrument becomes very awkward when BK is required 
to be long ; even with mercury the length of h is about 30 
inches for the ordinary pressure of the atmosphere. 

Note, o- is not absolutely constant, since the volume of 
mercuiy, and therefore its specific gravity, changes with a 
change of temperature. This variation being very slight is 
neglected in rough observations. If, however, close accuracy 
be required the thermometer must be noted at the time, and 
fi:om the observed temperature and a known law connecting 
temperature and volume, may be determined the height at 
which the column would stand for a given standard specific 
gravity of mercury. 

In the adjustment of the Barometer it is essential that the 
graduated scale, by which h is measured, should be vertical. 

For farther observations on the Barometer, see Art. 71. 

The following two examples are given to illustrate the 

equation 

IT = (rA. 

(1) Find the atmospheric pressure on the square inch, 
when the height of the mercurial barometer is 30 inches. 
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assuming the specific gravity of mercury, referred to water to 
be 13.6. 

From the equation 

we have, if an inch be taken as the unit of length, the pressure 
on the square inch = ah times the weight of a cubic inch of 
water, 

. o . o.. 1000 

= 13-6 X 30 X T^r^ ozs. 

1728 

since a cubic foot of water weighs 1000 ozs. nearly, 
or the required pressure = 14f lbs. nearly. 

(2) Given that the pressure of the atmosphere on the 
square inch is P lbs., find the height of the barometer. 

In this case 

11 = ah gives us 

Plbs. = ah times the weight of a cubic inch of water 

,. . , 1000 1 ,, , 

= 13-6 X A X ^728- jg lbs. nearly ; 

•*• A = 777^. Pinches. 

42o 

37. The elastic force of air at a given temperature varies 
inversely as the volume which it occupies. 

This law, which is generally called Boyle's Law, after its 
discoverer, is verified by the following experiment. 

Let a tube, bent so that its two branches AB and BG 
are parallel, be partially filled with mercury, and placed so 
that each branch is vertical ; the mercury will then stand at 
the same level, DE^ in each of them ; let the extremity G of 
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the branch BC be now closed; the pressure 
at every point of the air thus shut in CE is 
uniform (Art. 35), and of course equal to the 
atmospheric pressure ; now let more mercury be 
poured into the open end A ; this will cause the 
surface of the. mercury to rise both in BA and 
BGj but unequally: the point F^ to which it 
ascends in BC, being much lower than G^ which 
it attains in AB. It is always found upon 
ascertaining the volumes CF and CE^ which 
may be done by weighing the mercury which 
they would separately contain, and upon mea- 
suring the vertical length FGj that if h be the 
height of the barometer observed at the time of 
making the experiment, 

h + FG _ YolCE 
h "vol. CF' 



fl' 



B 



But if <r be the specific gravity of the mercury, IT the pressure 
of air in CE before the additional mercury was poured in, 
since, as above remarked, this must equal the pressure of the 
atmosphere, 

ir = (rA. 

Also if 11' be the pressure of the air when compressed into 
the space CF, since this must be the same as that of the 
mercury at the level Fin the tube, and therefore equal to the 
atmospheric pressure at G, together with the weight of the 
column FG, 

n' = (rk-\-(rFG = (r{h + FG)y 

n' %-\-FG 
'' n" h 

_ vol. CE 
■"vol. CF' 
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Therefore when compressed the elastic force of air 
varies inversely as the space which it occupies. 

Next let the experiment be so far altered that 
instead of the step of pouring more mercury into 
Aj a portion of the mercury already in the tube 
be removed ; F and G may, as before, represent 
the surfaces of the mercury in BG. and BA respec- 
tively, but in this case F will be higher than G, 
and both of them lower than BE. 

Upon measuring, as before, it will now be 
found that 

h-FG _ Yo\. CE , 
h "vol. OF' 



B 



Also n and 11' having the same meaning as before, 

and because IT' is the pressure at Fj and therefore less than 
the atmospheric pressure at G by the weight of the column 

of mercury FG, 

n' = (r{h-GF), 

n' vol. CE 

nence -==f = — \ — ttt,, 
n vol. CF 

And therefore the law enunciated holds equally whether the 
air is compressed or expanded. 

It can in a similar way be verified for all other elastic 
fluids. 

38. As the density of the same quantity of an elastic 
fluid varies inversely as the space which it occupies, we may 
put the above law into a more convenient form, and say, that 
the pressure at any point within a portion of uniform and 
elastic fluid varies as the density of that portion ; or, since it 
P.H. 4 
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is quite unimportant how large this portion may be, we arrive 
at the general conclusion, that if ^ be the pressure at any 
point of an elastic fluid, and p the density of the fluid at that 
point, then 

where k is constant for the same fluid at the same tempera- 
tare; its value may be ascertained by experiment. 

The formula which connects p and p when the temperature 
of the fluid varies will be the subject of investigation in 
Section V. 

Also, for a description of the Thermometer and its use in 
measuring changes of temperature, see the same Section. 

38*. To find k for air. 

Let p be the pressure and p the density of the air at a 
place where the barometer stands at h inches, p the density 
of mercury. 

Then, (Art. 38) P = kp^ 

by the barometer p =gphj 

^ p 

The ratio - may be found by any method for determining 

the specific gravities of gases and solids. The numerical value 
oi Qy for given units of time and space, is known by experi- 
ments with the pendulum : the value of h in terms of the 
unit of length assumed in the value of g is observed. Hence 
the numerical value of k for air is ascertained. A similar 
method will serve for any gas, the pressure of which can be 
determined by a barometer. 

It must be remembered that the value of k thus found 
belongs to p^ referred to the square on the assumed unit of 
length as unit of area, and expressed in terms of the weight of 
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-) of a cube of the substance by reference to which p and p 



© 



are estimated^ and of which each edge is the unit of length. 

39. By the aid of the result of Art. 38, we may discover 
the law of variation of the density of the atmosphere in refer- 
ence to the elevation above the earth's surface, supposing the 
temperature to be constant, and the force of gravity to be the 
same as at the earth^s surface. 

Suppose the atmosphere up to any proposed height z feet 
from the earth, to be divided into a great number of horizontal 
layers of equal thickness t; by taking this number (which 
may be represented by n) large enough, t may be made so 
small that the density throughout each layer may be con- 
sidered approximately uniform, and equal to that at its lowest 
surface ; let p, represent generally the density, /?, the pressure 
at the lowest surface of the s^ layer, reckoning upwards 
from the earth's surface, k the known constant proportion for 
air at the given temperature between the pressure and the 
density : then (Art, 38) 

Now consider the equilibrium of a small vertical prism 
of the 5*^ layer of horizontal section a, and height t: the 
vertical forces on it will be the pressures on its end and its 
weight. 

••• Ps^i^=Psf^+ffP,-tTct) nearly, 
or P^x-P»^9P^Jy nearly; 

.'. by substitution, 

or-^=l-^ 
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a ratio which is constant and less than unity, and therefore 
the densities of the successive layers, proceeding upwards 
from the earth's surface, form the terms of a decreasing 
geometric series. 

If z^ be the height above the earth's surface of the top of 
the ri^ layer, a convenient form may be found for comparing 
the densities at the two heights z and z\ which will indicate 
a means of finding by the aid of the barometer the difference 
between them. 

Writing down the ratios of all the successive densities 
between z and z* we have 

f=i-f w, 

^^ = l-¥ (2), 

&c. = &c. 

^->-? (-"li 

9n' \ ^ / 

but Z = WT, 

z' = n'r ; 

t z — z' 
.-. n-n = , 

T 



and, by substitution, 

^,-('-f)-- 



ft 

The smaller t is made, the more nearly does our reasoning 
approach the real case, and therefore the more nearly will this 
result be true. 
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But putting for convenience z — z\ the diflference between 
the two heights, equal to Xj and expanding. 



;(?-') 



fgr 



1.2 \k 



^ -&C. 



which, as T is made smaller and smaller and approaches zero, 
approaches to the value 



^ A +1.2 i' 1.2.3 ;fc' +*^-' 

that is, the more nearly our supposed case approaches the real 
one, the more nearly tixe is the equation 



Pn 
Pn' 


gx 

= e * 

= £ * . 


1 fa? 

1.2 ^^ 


-&c. 



We may therefore take this to be the true value of the 
ratio between the densities of the air at two heights, z and z* 
feet above the earth's surface, upon the supposition of gravity 
and temperature being both constant. 

40. If h and h! be the observed heights of the barometer 
at places whose elevations above the earth's surface are z and 
z\ these must be proportional to the pressures, and therefore 
to the densities of the atmosphere at those places ; hence 

rn — a k • 

pn' ^ 
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••• ^-^'=^log.(A). 



a formula from which the difference between the heights 
above the earth of the two places z and z' may be readily 
found. 

It need hardly be observed that the lengths 2, 2', t, A, h' 
are all necessarily estimated in terms of the same unit. 

In practically finding the height of a place by barometrical 
observation, the variation in temperature and in gravity 
cannot be neglected; the hygrometrical state, too, of the 
atmosphere must be considered; for these reasons the pre- 
ceding formula cannot be confidently made use of when 
great accuracy is required, but the method by which it was 
obtained suflSciently well illustrates the principles followed 
in the general case. 

Ex. At the base of a mountain the barometer stands 
at 30 inches; on the summit at 25 inches; the ratio of the 
density of mercury to the density of air at the base is 10,000 : 
find the height of the mountain, given that 

log^^e = -7781, logics = -6989, logc 10 = 2-3025. 

By the formula, 

the height required = - log«^ 

9 ^^ 

=^iogao.iog,,^ 

= - 2-3025 X (-7781 - '6989) 

k 
= -x 2-3025 X -0792 

= -x-1823. 
.9 
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Now the pressure of air at the base = hp=^gph ; 

.-. - = ^ A = 10000x30, 
9 P 

if an inch be the nnit of length ; 

, . , ^ 10000 X 30 X -1823 ^ , 
.'. height = — feet 

= 4557^ feet. 

41. The Instruments whose description fills up the 
remainder of this Section are some of those whose action 
depends upon hydrostatical principles. 



The Air-pump 

is employed to exhaust the air from a closed vessel called a 
receiver. There are many modifications of this instrument, 
but the principles upon which they all depend, and the parts 
of them essential to their working, are illustrated by the 
annexed figure. 

A is the receiver, gene- 
rally a large glass vessel, 
having its edges ground very 
smooth ; it is placed upon a 
polished platform, through 
which it communicates by 
the tube HC with the cy- 
linder B; DE is a piston 
closely fitting this cylinder 
and worked by the rod G] 
in the piston DE and at 
the extremity of the tube 



.f#^3:^^%^?^?^^J555%^'^^^i^^^^5m%55^^ 



HC are the valves i^and (7, both opening outwards. 



i^ 



B 

C 



H 
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Sappose the receiver ^ to be full of air at atmospheric 
pressure, and the piston DE to be at the bottom of the cylin- 
der B\ next suppose DE to be drawn up by the rod (7 ; as it 
rises the valve F must remain shut, for it will be pressed in 
by the external atmosphere, therefore no air can enter B from 
without, and C being thus free from any downward pressure, 
will be opened by the pressure from the air within the cylin- 
der A ; hence this air will flow into Bj and when DE gets to 
the top of the cylinder, the quantity of air which at first filled 
A alone will fill A and B together ; and therefore the quantity 
which is now in Ay is to the quantity which was there at 
first, as is ^ : ^ + -B, ^ and B representing the volumes of 
A and B, Now suppose DE to descend; G immediately 
shuts, and the air in B being compressed by the descent of 
DEy overcomes the pressure of the external air upon Fj and 
therefore opens the valve and escapes, the air in ^ remaining 
undisturbed ; hence when the piston has returned to its first 
position at the bottom of the cylinder, or, as it is usually 
termed, has completed its stroke, 

quantity of air in A at the end of stroke 

A 
= . p X (quantity there at beginning). 

By a repetition of the strokes, the quantity of air in A 
may be diminished in the same proportion every time, and 
by proceeding long enough, although we cannot reduce it to 
absolute zero, we may make it as small as we like. 

42. If Qy Cij... Qn represent the mass of the air in A 
originally, and at the end of the first, second, and v!^ strokes 
respectively, we have from the above reasoning 
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<?.=jf5«. (2). 

&c. = &c. 

^n=3-qrgC»-i W; 

/. by multiplication, 

Also, if p, Pi...pn represent the densities of the air in ^ at 
these times respectively, since the density varies as the mass 
in the same volume. 



P'^ilTWP- 



43. It will be remarked that, for the effective working 
of this instrument, the valve F must open as DE descends, 
and shut when it rises, while just the reverse must be the 
case with C. The first will clearly be insured if DE be made 
to fit very closely to the bottom of the cylinder, for by that 
means, however small the quantity of air in jB, as D^ de- 
scends^ it will always at the end of the stroke be so com- 
pressed that its elastic force upwards shall exceed the pressure 
of the external atmosphere upon F together with jP"s own 
weight, which are the two forces tending to keep JP'shut ; and it 
is manifest that as i>^ rises, the first of these two forces acting 
downwards on F is greater than that of the rarefied air in A 
and By and hence i^'will never open at this stage. As regards 
(7, when DF first moves towards the top of the cylinder, there 
will be no air to press it downwards from B, and the sole force 
acting upon it from that direction will be its own weight; if 
therefore the elasticity of the air left in A can overcome this, 
the valve must open and admit a portion of the air into By 
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which will be very approximately of the same density eis that 
left in A, the only check to the equalization being the weight 
of 0: hence clearly there will be no difficulty abont G'a 
shutting as D descends. It thus appears that the weight of 
G is the only cause which limits the amount of exhaustion 
capable of being produced in A. In considering the action of 
the valves friction ought not perhaps to be neglected, bat in 
the kind of valve most generally used, which is merely a 
square or triangular piece of oiled silt fastened by its comers 
over a wire grating, it seems to be reduced to an extremely 
small amount. 



A 



c' 



4 



44. The force, required in an instru- 
ment of the above construction, to draw 
up the piston, is the difference between 
the pressure downwards of the external 
atmosphere upon DE and that of the 
rarefied air in B upon the same surface 
upwards : at every stroke this difierence 
increases and soon becomes very con- 
siderable ; of coarse the same force acts 
in aid of the downward stroke, when it 
is not wanted: Satoksbee's air-pump is 
distinguished by a contrivance which 
neutralizes these forces: the annexed 
figure represents a portion of it ; two cylinders £ and B' of 
exactly the same dimensions and provided with valves and 
piston-rods, as before described, communicate by pipes lead- 
ing from the lower valves with the same receiver S, 
Both piston-rods are worked by the same crank and toothed 
wheel, and consequently as one ascends the other descends ; 
the atmospheric pressure therefore which retards the ascend- 
ing one is exactly balanced by that which accelerates the 
descent of the other. 



^tSs^ 
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45. In SmeatorCa air-pump one cylin- 
der only is used, but this is provided with a 
valve K at its upper extremity opening out- 
wards : the effect of this is to take off the 
external atmospheric pressure during a part 
of the stroke. 




46. The Condenser^ 

as its name denotes, is employed to force air 
into a vessel or receiver up to any required 
density. The annexed figure represents it. 

A is the receiver, generally a very strong 
hollow copper sphere ; ^ is a hollow cylinder 
within which a piston DE works, carrying a 
valve F which opens downwards : B and A 
communicate by means of a pipe, at the orifice 
of which is a valve C also opening down- 
wards; the piston DE'i& worked up and down 
by means of the rod G. 

Suppose A and B to be filled with air at 
atmospheric pressure, then as DE descends, 
F shuts and G opens, and thus the air which 
was initially in B is forced into ^: when DE 
begins to rise the pressure of the air in A shuts 0, so that 
during the whole ascent the quantity of air in A remains un- 
altered, but meanwhile i'' opens, and at the end of the stroke 
B\b again as at first full of air at atmospheric pressure; hence 
it is clear that by a repetition of this process, at every com- 
plete stroke a quantity of air equal to that contained by B at 
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atmospheric pressare will be forced into A. Hence if ^ and B 
represent the Tolumes of A and B respectively, and if Q be 
the qnanti^ of air estimated by its mass, whicti is contained in 

A at atmospheric pressure, then, since -7 Q will be what B 

contains at atmospheric pressure, after n strokes A will contain 

the qnantity Q + n-^Q: or, representing this by Q„ 

«.=0(i + «f). 

If f>. and p represent the corresponding densities, 

^ = l+M-i-. 



The Common Pump. 

47. The construction of this pump is expliuned by the 
annexed 6gnre : ^^is a cylinder in which a tight fitting pis- 
ton EF is worked by means of a rod S-, 
EF caxries a valve Cf which opens upwards, 
and at the bottom of the cylinder is a valve 
D also opening upwards, and covering the 
orifice of a pipe S which communicates 
with a reservoir of water at /: BC is the 
highest range of the piston, and K is an 
open spout. 

For the explanation of the working of 
this pump, suppose EF to be at j4 the bot- 
tom of the cylinder ; then when it begins to 
rise, there being no longer any downward 
pressure upon D, the air in DI will open it 
by its elasticity and will flow into the space 
between A and EF: it will thus become 
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rarefied, and therefore its pressure upon the water within the 
pipe DI will be less than that of the atmosphere upon the 
external surface of the water; the water will consequently 
be forced a little way up the pipe, until the pressure due to 
the rarefied air and this column of water is equal to that of 
the atmosphere. Since the air in the pipe becomes more 
and niore rarefied as EF ascends, until it has attained its 
greatest height BG, the column of water in the pipe will 
all this time be continually increasing. When EF descends, 
D will shut, and, as in the air-pump, the air between EF 
and A will be gradually condensed until it opens the valve 
Oj and entirely escapes by it, while the condition of the air 
and water in the pipe Dl will remain unchanged. When 
EF has returned to A the stroke is completed, and it is 
easy to see that a repetition of it will cause the water to rise 
gradually higher and higher in DIj until at length it will 
enter the cylinder BA : the next rise of the piston will, of 
course, remove all the air remaining above the surface of the 
water in BA together with some of the water itself, and ever 
after, provided AD be not higher above the surface of the 
water / than the height of the column of water required to 
balance the atmosphere, the water in the pipe will follow the 
rise of the piston up to the same level in BA^ and hence at every 
successive stroke the piston which returns through this with- 
out disturbing it will lift out at the spout K the quantity of 
water contained above A. 

The cause which makes the water rise in the pump is, as 
appears by the above explanation, the excess of the atmo- 
spheric pressure upon the surface of the external water, above 
the pressure of the rarefied air upon the internal water, and 
therefore the extreme limit to which this internal water can 
rise is the height of the column in the water barometer, or 
about 32 feet : but it is clearly necessary, for even a partial 
working of the machine, that the free surface of the water 
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within the pipe should come above A ; hence it is essential 
that the lower part of the cylinder of a pump be at a distance 
less than 32 feet from the surface of the reservoir^ from which 
it is required to raise the water. 

If the piston in its range does not descend to J9, let L be 
the lowest point of its descent. Then, unless the air occu- 
pying BD when the piston is at its highest, gives, when con- 
densed into LDj a pressure greater than that of the atmosphere 
the valve G will not open. Therefore not only must L be, as 
we have already seen, within 32 feet vertically above the 
surface of the water in the reservoir, but also it must not be 
so near that limit, that any stroke of the piston before the 
water reaches it shall reduce the air in BD below the just 
mentioned density. 

48. If a be the area of the piston EFj the force employed 
by means of the rod H to raise it at any stroke, is, omitting 
the consideration of friction, equal to the difference between 
the pressure upon a of the external air downwards and the 
pressure upon a of the internal rarefied air upwards ; now if a 
be the specific gravity of water, h the height of the water 
barometer, the pressure of the air is ah : also if Pbe the height 
of the water in the pipe at the time of the stroke, the pressure 
of the rarefied air at the piston being the same as that at P, 
must be the same as that externally at / diminished by that 
due to the column PI] it therefore equals 

crA-o-P/=o-(A-PJr), 

therefore pressure downwards upon piston = aha^ 

upwards =cr(A — P/)a, 

.*. the tension of the rod which is the difference between 
these = aPIa 

= weight of column of water whose base is EF and 
height PL 
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49. ZKe Lifiing Pump 

is tbe same as the common pump, except that 
the rod S^ plays through a water-tight socket, 
and the spout ^'is replaced by a pipe of any 
required length, provided at its junction witJi 
the cylinder yritb a valve L, which opens out- 
wards. It is evident that as the piston descends 
this valve will shut and prevent the water, 
raised into the pipe K hy the previous' ascent 
of the piston, from returning, and hence every 
stroke will lift more water into K until it be 
raised to any required height 
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■ 50. The Forcing Pump 

is another modification of the pump, by which 
water may be raised to any height. In this 
case the piston EF contains no valve, but is 
quite solid : at tbe bottom of the cylinder BA 
enters a jnpe MN of any length whatever, pro- 
Tided with a valve Jtf which opens ontwatds. 
At the descent of the piston J) shats and the 
water between FF and A iB/orced up the pipe 
2£N; upon the rise of the piston the return of 
the water from MNia prevented by the valve if. 



T 



BramaKs Press. 

dl. The annexed figure represents this machine : 
A JB a, veiy large solid cylinder or piston, working freely 
through a water-tight collar .Sf into a hollow cylinder EFQH; 
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A sapporta a large platform BC, which is carried up or down 
by the ascent or descent of A. A.t ffis a pipe whose orifice 




is covered by a valve opening into the large cylinder GS aai 
which leads into a smaller cylinder LM: in this cylinder works 
a piston X by means of a rod N, and at the bottom is a pipe 
leading to a reservoir of water and covered by a valve M 
which opens into the cylinder LM. 

Suppose both cylinders to be filled with water and the 
valve Jf to be closed; if then a force be applied to the piston 
X, it will be transmitted through the fluid to all surfaces in 
contact with it, and therefore to the lower surface oi A; by 
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this means A will be pushed upwards^ and any substance 
placed upon the platform may be pressed against a fixed 
framework DK*^ when L has arrived at the bottom of the 
cylinder it can be drawn back^ the water in GH will then be 
prevented from returning by the valve H^ and water will also 
be pumped through M into the cylinder LM\ L may now 
again be forced down, and therefore A be raised higher, until 
the substance between BC and DK has been sufficiently com- 
pressed. This machine may also be employed for the purpose 
of producing tension, in rods and chains, &c., by rigidly at- 
taching a piston-rod to the lower part of Aj which should 
pass through a water-tight collar in the bottom of the cylinder 
OFj and carry a ring at its outer extremity, to which the rod 
or chain to be strained may be connected. 

The pressure exerted by A may at any instant be removed 
by unscrewing a cock at (?, by which means the water is 
allowed to escape. 

Let W represent the force with which A is pressed up- 
wards, during a stroke oiL downwards, made under the action 
of a force F'j we may consider these forces as just balancing 
one another, and the pressure at all points of the water to be 
uniform, as the efiect of gravity may be neglected in com- 
parison with the pressure transmitted from F and TF; let this 
be represented by ^ ; if then r be the radius of the lower end 
of A^ r' the radius of the surface of L, we have 

pr= pressure on end of A =^7rr^, 
JP'ss^pressure L = p7rr^] 

••• W'^r^' 

If, moreover, as is usually the case, F is produced by the 
aid of a lever, whose arms are represented by a and a', and 
the power by P, 

p. H. 5 
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This ratio may be rendered excessively small by redncing 
a' and r' as compared with a and r, and the only limit to the 
enormoas force which this machine may be made to exert, is 
put by the strength of the material of which it is &amed. It 
will appear, on considering the resnlt of Art. 69, that the 
larger cylinder is required to be the stronger. 



The Siphon. 



52. If a bent tube, as ABG, in the annexed figore, be 
filled with water, and then, both 
its extremities being closed to pre- 
vent the escape of the water, if it 
be inverted and one of its ends A 
immersed in a vessel of water whose 
Borface is exposed to atmospheric 
presanre, while the other remains 
ontside the vessel at a level lower 
than the surface J) of the watei in 
the vessel, and if, when in this po 
sition, the ends A and C be opened 
the water will be observed to £on 
continaonsly from the vessel, along 
the tube and out at the extremity C, nntil the surface D has 
been lowered to the level of (7 or of ^4, if C be lower than A. 
A bent tabe so employed is called a siphon. 




"F 
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The explanation of this phenomenon is as follows : If in 
the side of a cylinder OH containing 
water^ an orifice -Fbe made below the C 
level of the free surface OEj the water 
will of course flow out ; for the "parti- 
cles of fluid inside at F are pressed 
outwards with a fluid pressure equal 
to the pressure of the atmosphere at 
the level GE together with that due to the height EF of 
vjcOer^ while they are pressed inwards by the pressure of the 
air at jP equal to the pressure of the atmosphere at the level E 
together with that due to the height EF of air; it is therefore 
on the whole pressed outwards with a force proportional to the 
depth EFj the proportion being the difierence between the 
specific gravities of water and air. The same would be true 
for a vessel of any shape, because, whenever a fluid is con- 
tinuous throughout a vessel, and is acted upon by gravity 
alone, the pressures at the same level below the surface are 
the same in every portion of the fluid. In the first figure of 
this Article, the water in the tube and in the vessel forms 
one continuous mass, hence the pressure at all points in the 
same level, wherever taken, must be the same, and therefore 
the fluid pressure in the tube at G must be the same as the 
fluid pressure in the vessel at G\ C and C being in the same 
horizontal line : if then C be lower than the free surface D, 
the water will flow out at (7: by the removal of each particle 
of water, all resistance to the motion of the next behind it, 
under the pressure to which it is subjected, disappears, and 
thus a continuous stream will be produced towards (7. 

If we further consider the pressure at difierent points in 
the tube ABCj for all those which are in the leg BC below the 
level of By it will, from what is said above, be greater than 
that of the outside atmosphere, and therefore if an aperture 
were made at any such point, the water would flow out as it 
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does at (7; for all those, however, which are above this level 
in either leg, as for instance in b.hj level ly, it most be less 
than that at S by the amount of the pressure due to the 
weight of the intervening column lyD of water, while the 
pressare of the exterior atmosphere in the same level differs 
from that at Z> by the weight of the same height of air only : 
hence the pressure of the fluid' in the tube at the level 2^ is 
less than the corresponding pressure of the external air, and 
if therefore an aperture were made at any such point ly, the 
air would flow in and drive the water out along each leg of 
the tube. 

The highest point B of the tube must not be more than 
32 feet above the &ee surface D of the water in the vessel, 
otherwise the water in AB would not be supported. 



53. Perhaps the action of the siphon may be advan- 
tageously illustrated by the con- 
sideration of the following case. 

ABBA' is a bent uniform tube 
with both branches parallel and 
vertical ; it ia occupied by a fluid 
(say water or air), and the whole is 
surrounded by another fluid {say 
air or water) ; the two fluids are 
kept separate, if necessary, in the 
tabes by very thin lamina G and 

C, whose areas will be that of the 

section of the tube = a suppose. ^ 77 z_ 

Let 21 represent the pressure at 
the l6vel BB in the external fluid, a its i 
it' that of the fluid in the tube : W the pressure e 
BB' vertically downwards upon the included fluid : then the 
pressure at the depth G in the external fluid is IT + <tBG, 



^ 




1 


c 


"1 


i 


_^^ 


■1 - 

: - ri:-- 



ific gravity, 
f the tube 



ELASTIC FLUIDS. 69 

while at the same depth in the internal fluid it is IT' + a'BG^ 
hence the resultant pressure upwards upon the surface (7, 
which is the difference between these two over each unit of 
area of a 

= {IT - IT' + BC[(T - <t')] a = P for shortness. 

Similarly the pressure upwards upon the surface C 

. = {n-n' + 5'(7'((T-cr')}a = P'. 

Supposing IT to be so large that each of these expressions 
is positive when cr — cr' is negative, we see that these pressures 
will always balance each other when BG=BG'y but that 
when one leg as B'C is longer than the other BG^ then Pis 
greater or less than P, according as o* — o*' is negative or posi- 
tive : thus if the interior fluid be water and the exterior air, 
as in the case of the siphon, a is less than o*', and therefore 
P is greater than P', and the water will be pushed round 
from the shorter to the longer leg : if however the interior 
fluid be air and the outer water, a being greater than cr', P is 
greater than P, and therefore the air will be pushed round 
from the longer to the shorter leg. 

If IT were too small to make Pand P positive when o* — cr' 
is negative, the resultant pressures upon G and G' would be 
downwards, and the fluid in the tubes would flow out until its 
height in each was just enough to make P and P zero : this 
supposed case is analogous to that of the siphon when B is 
more than 32 feet from the surface D. 
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The Dimng Bell. 

54. Snppose a heavy hollow cylinder as ABCD, open at 
CD and closed at the top AB, to be lowered by a rope EF 
out of air into water ; when 
the moath CD is at the j 
Barface of the water the i 
Teasel wonM be foil of air J 

at atmospheric preasnre, as 

it descends this air becomes ^^p 
compressed into a BmaUer ^^^ 
space and the water rises ^^ 
into the vessel ; but if seats ^~ 

be affixed within it at a 

satGcient height, persons -- ~----^-^^^-^^~ 

■ seated upon them might by this means safely descend to a 
considerable depth; such a contrivance is called a Diving 
Bell; the object of its being open at the bottom is to afford 
means of access to external subjects of investigation. 

pToTE. The weight of the bell must be greater than the 
weight of the volume of water displaced by the inclosed air 
when AB is level with the upper surface of the water.] 

The height to which the water rises in the bell, when its 
lower extremity D has descended to a depth d below the 
surface of the water, may be found without difficulty. 

Let OS be the level required of the water in the bell, and 
call Dff, z : the atmospheric pressure at the surface of the 
water may be represented by 11, the specific gravity of the 
water by a, and the altitude BI) of the bell by a : then the 
pressure of water at depth S, which isd — x, must be 

n+t,[d-z). 
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Since this is counteracted by the pressure of the com- 
pressed air, which is to that of the atmosphere : : vol. AD : vol. 
ATT^ we must have 

n •\- <T[d-'z) yoX. AD _ a 
n " vol. AH" a-z' 

a quadratic equation from which z may be determined. 

The tension of the string FE is equal to the weight of the 
bell and the inclosed air^ minus that of the water displaced ; 
or if The this tension, I^Fthe weight of the bell, w that of 
the inclosed air, and A be the area of the horizontal section of 
the cylinder, 

T=^W+to-(rA.BK 

In practice a flexible tube is passed down to the bell 
under its lower edge, and air is forced through it from a 
condenser, so that the surface of the water OH is kept at 
any desired level and not allowed to rise to an inconvenient 
height. Other tubes provided with valves are also employed, 
by the aid of which the air may be changed when it is unfit 
for respiration. 



The Atmospheric Engine.* 

55. The annexed diagram represents a section of the 
Atmospheric Engine invented by Newcomen in the year 1705, 
for working the pumps of mines. 

-45 is a massive wooden beam (turning about an axis (7, 
strongly supported), having its extremities terminated by 
circular arcs, which are connected by chains, the one {A) to 
the pump-rods (loaded, if necessary), the other to the rod of 

* For the foUowing description of the Atmospheric and Double- Action 
Steam Engine I am indebted to the kindness of a Mend. 
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a solid piston E working steam-tight in an accnratelj bored 
cylinder F, This cylinder is open at the top, but closed at 




the bottom, in which are the orifices of three tubes, Hy Gy Kj 
each furnished with a cock, and passing, respectively, into 
the boiler, an elevated cistern of cold water and a waste pipe. 
Suppose steam to be generated in the boiler, the three cocks 
all closed and the piston at the bottom of the cylinder, it will 
be kept in this position by the atmospheric pressure on its 
upper surface. Let the cock H be opened, steam from the 
boiler will enter the cylinder below the piston and counter- 
balance the atmospheric pressure on its upper surface. The 
weight of the pump-rods being now unsupported will depress 
the extremity A of the beam and raise the piston to the top 
of the cylinder: the cock jB^ is now closed and O opened, 
through which a jet of cold water rushing into the cylinder 
condenses the steam and forms a vacuum, more or less per- 
fect, below the piston which is now driven down by the 
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atmospheric pressure on its upper surface, raising in its 
descent the pump-rods connected with A together with their 
load of water ; the cock O is now closed, and the condensed 
steam and water let off by the cock K which is then also 
closed. The machine has now completed one stroke and is 
in the same condition as at first. Hence the operation may 
be repeated at pleasure. 

The cocks H^ O^ K^ originally turned by hand, were, by 
a contrivance of a youth named Potter, afterwards worked by 
the machine itself. 



Watfs Improvements. 

56. Such was the engine which came under the observa- 
tion of James Watt, whose comprehensive genius perceiving 
its various defects, suggested amendments so complete as to 
bring it almost to the perfection of the beautiful engines of 
the present day. The following is an outline of his most 
material improvements. 

The source of the motive power is the heat which is 
applied to the water in the boiler, and which calls into play 
the elastic force of the steam ; and the real expense of work- 
ing the machine is caused by the consumption of fuel required 
for generating this heat. It occurred to Watt that a great 
useless expenditure of heat was entailed by the foregoing 
method of condensing the steam at the end of each stroke ; 
for while it is only wanted to cool the steam itself, the jet of 
cold water evidently lowered the temperature of the cylinder 
also, and therefore caused it every time to abstract a portion 
of the heat of the newly-introduced steam. To obviate this 
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he added a separate vessel (the condenser)^ in which the 
operation of condensing the steam might be performed, so that 
the cylinder should remain constantly of the same tempera- 
ture. A further saving was also effected by pumping the 
contents of the condenser back to the boiler. 

He now closed the cylinder at the top, and admitting 
steam alternately above and below the piston, converted the 
atmospheric into the double-action steam-engine. 

He also invented that beautiful contrivance, the parallel 
motion, for keeping the extremity of the piston-rod .in the 
same vertical line, while the end of the beam with which it 
is connected describes an arc of a circle. 



The Double-action Condensing Engine, 

57. The annexed diagram represents a section of a double- 
action condensing Engine, in its simplest form. 

-4 is a tube by which steam is conveyed from the boiler 
to the steam-box -B, which is a closed chamber having its side 
adjacent to the cylinder truly flat In this side are the aper- 
tures of three tubes Ej F^ G^ of which the two former enter 
the cylinder at the top and bottom respectively; the third 
passes into the condenser L] (7 is the slide-valve, being a 
piece of metal having one side accurately flat so as to slide 
in steam-tight contact with the flat face of the steam-box. In 
this face of the slide is cut a groove in length not greater 
than the distance between the apertures E, Fj diminished by 
the width of the aperture, as in fig. (2). The rod of the slide- 
valve passes through a steam-tight collar in the bottom of the 
steam-box, and is connected by a lever OP and a rod PQ 
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with the beam of the engine, by which it receiveB a motion 
the reverse of that of the piston-rodg. iJ is the cylinder 




closed at both ends, traly bored and accurately fitted with 
a Bolid piston whose rod H works in a steam-tight collar in 
the top of the cylinder, and is connected with the beam by 
the parallel motion KaR. RS is the beam turning about an 
axis T and having its extremity 8 connected by a rod and 
crank with an axle on which is the By-wheel W. L is the 
condenser, a closed vessel in which a jet of cold water is con- 
stantly playing. ^ is a force-pnmp, worked by a rod con- 
nected to the beam, which returns the condensed steam and 
water from the condenser by the tube ^ to the boiler. 
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Sappose the piston at the top of the t^lin* 
der, the lower part filled with steam, the alide- 
▼alve beiog in the position shewn in fig. (3). 
A passage is now open hj which steam will 
pass tiom the boiler throngh the tabe A, the 
steam-box B, and the tube E into the upper 
pai:;t of the cylinder, and another bj which the 
steam from the lower part of the cylinder will 
pass by the tube F, the groove of the slide, 
and the tnbe 6 to the condenser, and being 
there condensed a Tacanm will be formed be- f ' 
low the piston, which will now he driren down 
by tlie tinsapported pressnre of the steam on its 
npper sorfoce. When the piston has reached the bottom of 
the cylinder the slide-valre will have been shifted to the po- 
sition shewn by the dotted part of fig. (3). The passage will 
now be open tiom the boiler to the lower part of the cylinder, 
and from the npper part to the condenser ; a vacamn will thus 
be formed above the piston, which will then be driven np by 
the pressme of the steam below it, and when the piston has 
reached the top of the cylinder the slide-valve will have 
reassomed its original position, the engine has now made one 
stroke, and its parts are in the same positions as at first ; the 
(^Ktation will therefore continne. 



Btmarks. 

It will be observed that the force exerted by the eng^e 
tending to produce a rotatory motion in the axle T^, is greatest 
when the arm of a crank is in a position at right angles to the 
direction of its connecting rod }', and that it diminishes to 
nothing as the arm revolves to a position in which it coioddes 
in direction with it. The object of the fly-wheel is by its 
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momentam to conyert this variable iilto a constant force^ and 
also to prevent the mischief which might arise from shocks or 
sadden vatiations^ in the resistance to be overcome. 

In practice the steam is frequently shut off from the cylin- 
der when the piston has performed half or even less of its 
stroke; by this means fuel is saved, and the motion is ren- 
dered more even and smooth. 



EXAMPLES TO SECTION III. 

(1) A piston fits closely in a cylinder, a length a of the 
cylinder below the piston contains air at atmospheric pressure: 
compare the forces sufficient to hold the piston drawn out 
through a distance h with that sufficient to maintain it pushed 
in through the same distance. 

Let IT represent the atmospheric pressure^ and A the area 
of the piston, then at first the pressure upon the piston, both 
of the external and the internal air, is UA ; by the compres- 
sion through the space b the volume of the internal air is 
diminished in the ratio of a to a — i ; and therefore by Boyle's 
law its pressure is increased in the same ratio : hence the 
difference between the internal and external pressures over 

the area of the piston is in this case 11.4 y ~ UAy or 

IIA ^: the force, required to maintain the piston so far 

pushed in, is of course equal to this. 

Similarly, by pulling the piston out through a distance i, 
the volume of the internal air is increased, and therefore its 
pressure diminished in the ratio o{ a + h:a; hence the differ- 
ence between the external and internal pressures over the 
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area of the cylinder^ which is the same as the force required 
to hold it in this position^ is now 

nA^nA-^. or nA * 



The ratio asked for between these two forces is manifestly 

a + b 
a — b' 

(2) If a cylinder be full of air at atmospheric pressure, 
and a close-fitting piston be forced in through J of the length 
of the cylinder by a weight of 10 lbs., shew that it will require 
an additional weight of 30 lbs. to force it through § of the 
length. 

If n be the pressure, estimated in pounds, of the air in the 
cylinder at first, i. e. be the pressure of the atmosphere, the 
pressure after the given compression into f of the volume is, 
by Boyle's law, f IT ; therefore if A be the area of the piston, 
the pressure upon it upwards is f IT-4, and by question this 
must balance the pressure of the external atmosphere together 
with 10 lbs. acting downwards, hence 

|IIJ[=II^ + 10, 

or JIA = 20 lbs. ; 
and therefore f II-4 = 30 lbs. 

This pressure will be doubled, by the same law, when the 
compression is extended to another J of the cylinder ; there- 
fore the compressing force must be 60 lbs.; hence 30 lbs. must 
be added to that which is already acting. Q. E. D. 

(3) A bubble of gas ascends through a fluid, whose free 
surface is open to the atmosphere, and whose specific gravity 
is s ; supposing the bubble to be always a small sphere, com- 
pare its diameters, when at depths d and d\ having given that 
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the height of the barometer is h and the specific gravity of 
mercnrj a. 

Since the bubble is always small, the pressure of the fluid 
upon its surface may be considered to be everywhere the same, 
and to be that which is due to the depth of the center of the 
bubble ; also since this pressure is the only force limiting the 
volume of the bubble, it must be exactly equal to the elastic 
force of the air forming the bubble. 

Now the pressure of the fluid at the depth cZ is o-A + sd^ 
, d/ ... <rh + sd'; 

and the elastic force of the air in the bubble varies inversely 

as its volume, that is, inversely as the cube of the diameter ; 

hence if a, a' be the diameters corresponding to the depths of 

dy d!y we must have 

a'^ __a-h + 8d 

• '^^"ah + sd"' 

which gives the required ratio between the diameters. 

(4) An imperfect barometer is compared at two different 
times with a true one, and it is found that the readings h^y h^ 
are less than the true readings by the quantities s^, s^ respect- 
ively. Shew that the true reading may at any other time be 
obtained by adding to the observed reading h the correction 

The error in the height of the mercury must be due to the 
presence of a certain quantity of air in the upper part of the 
tube, whose elastic pressure supplies the place of the weight 
of the deficient length of mercury ; this pressure will not be 
constant, but will continually alter, for, the quantity of air 
* remaining the same, its volume diminishes as the barometer 
rises, and increases as it falls. 
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Let x^j a?3, X be the length of tube occupied by it when the 
barometer is at height A^, A^, and h respectively, p^, p^, p its cor- 
responding densities, and k the proportion between the pressure 
and the density of air, (Art. 38) ; then, by question, the pres- 
sure of this air, when included in the length aj^, must be equi- 
valent to the weight of a length e^ of mercury ; hence if a be 
the specific gravity of mercury, 

Jcp^ = <T€A 

similarly kp^ = o-€^\ {A). 

kp = a-€ ) 

And since the volume of the air remains the same, the trans- 
verse section of the tube being constant, 

P,x, = p^^=px [B). 

Also since the length occupied by air, together with that occu- 
pied by mercury, must always make up the whole length of 
tube above the zero point, 

h^ + x^ = h^ + x^ = h + x (C). 

These seven equations will enable us to determine the 
seven unknown quantities p^, p^, p, x^j x^, x, € ; but as € is the 
only one of these which we want, it will be convenient to 
eliminate all the others. 

Multiplying the equations (A) by x^, aj^, x respectively, 
and then comparing them with those of (jB), we find 

€^x^ = €^x^ = €x = \j suppose; 
therefore, substituting these values of x^j a?,, a? in ( (7), we get 

h^ + — \ = h^ + — \ = 7i + -\ = fij suppose, 
or more conveniently. 
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A.+|\-/. = (1), 

K+lx-M'=o (2), 

h +- \-/i = (3). 

Jtfnltiplying (1) by (A, -A), (2) by (A-AJ, (3) by (A. -A,), 
and adding the resulting equations, we obtain 

i(A,_^)_l(A-AJ+i(A,-A^ = 0, 
and therefore € = — n — S\^ — tt — t\- 

(5) If a barometer be standing at the height of 30 inches 
and be placed under the receiver of an air-pump in which the 
capacity of the barrel and receiver is the same, what will be 
the height of the mercury after three strokes of the pump ? 

The height of the barometer is directly proportional to the 
pressure of the air upon it and therefore to the density of that 
air ; now since the capacity of the receiver is the same as that 
of the barrel, the density of the air in it is diminished one half 
at each stroke of the piston (Art. 42) ; therefore at the end of 
the third stroke it will be Jth of what it was at first, i, e, of 
atmospheric density, and, consequently, the corresponding 
height of the barometer will be Jth of 30 inches, or 3f inches. 

(6) The receiver of an air-pump has 20 times the volume 
which the barrel has, and a piece of bladder is placed over a 
hole in the top of it : the bladder is able to bear a pressure of 
3 lbs. the square inch, and the pressure of the atmosphere is < 
15 lbs., shew that the bladder will burst between the 4th and 
5th strokes. Given that log 2 = -30103, log 21 = 1-3222193. 

P. H. 6 
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The resultant pressure upon the bladder is the difference 
between the pressure of the air outside and that of the air 
inside the receiver ; hence, by question, the bladder will burst 
when this difference becomes as great as 3 lbs. the square inch; 
t. e. since the. pressure of air varies as its density, when the 
density of the inside air is to that of the atmosphere as 12 : 15^ 
or as 4 : 5. 

Now after the n^ stroke the density of the inside air 

(20\* 
— j of that of the atmosphere (Art. 42), therefore 

the bladder wiU burst during the stroke, whose number being 

* . . /20\* 

put for n is the first whole number which makes ( — J less 

than ~, or which makes 
o 

n{l+ log2 - log21} less than 3 log2 - 1 ; 

this number may by the aid of the given logarithms be shewn 
to be 4. 

(7) A cylinder whose length is 3 feet is fitted with an 
air-tight piston: when the piston is forced down to within 
9 inches of the bottom what will be the pressure of the air 
within, supposing the pressure at first to have been 15 lbs. 
on the square inch? 

(8) A cylinder whose base equals a square foot and whose 
height is 7 inches is filled with common air whose pressure 
may be assumed to be 14 lbs. per. square inch and covered 
with a moveable lid without weight ; shew that if a weight of 
336 lbs. be placed on the lid it will sink 1 inch. 

(9) A bubble of air one foot below the surface of a 
pond had a diameter of one inch: what was its diameter 
when it was 8 feet below, neglecting th^ pressure of the 
atmosphere? 
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(10) The barometer in ascending a mountain sinks &om 
29 to 23 inches: find the change in the pressure on each 
square inch, the specific gravity of mercury being 14. 

(11) A closed cylinder with its axis vertical is filled with 
two gases which are separated by a heavy piston. Determine 
the position of the piston, it being given that either fluid, 
if it filled the whole cylinder, would support a pressure equal 

to ( - J of the weight of the piston. 

(12) A tube of uniform bore, open at one end, is fixed 
with its axis vertical and open end upwards : shew that, unless 
its height be greater than that of the barometric column, no 
amount of mercury, so poured in that no air escapes, will 
produce equilibrium. 

(13) When the mercury in a barometer stands at 30 
inches, shew that the pressure of the atmosphere on a square 
inch is about 14f lbs., the specific gravity of mercury being 
13.6, and the weight of a cubic foot of water 1000 ozs. 

(14) A barometer has the area of the cistern four times 
that of the tube, and when the mercury stands at 30 inches, 
2 inches of the tube remain unfilled : if a mass of air, which 
at the density of the atmosphere would fill one inch of the 
tube, were admitted into the upper portion, shew that the 
column would be depressed 4 inches. 

(15) Compare roughly the masses of the atmosphere and 
the earth : given that, the mean height of the barometer is 30 
inches, the density of mercury is 13, the mean density of the 
earth is 5, and the radius of the earth is 4000 miles. 

(16) Given that the specific gravity of air at the earth's 
surface at a given place is '00125, and of mercury is 13, when 
the barometer is at 30 inches ; find the height of the homo- 
geneous atmosphere. 
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(17) If the volume of the receiver of an air-pump be six 
times that of the piston-cylinder, and if a barometer intro- 
duced into the receiver stand at 28 inches after one ascent of 
the piston, at what height will it stand after two more ascents 
of the piston ? 

(18) Supposing the upper valve of Smeaton's air-pump to 
open- when the piston is half-way up, what was the density 
of air in the receiver at the beginning of the ascent? 

(19) If the volume of the receiver of an air-pump be ten 
times that of the barrel, shew that before the eighth motion 
of the piston is completed, the density of the air in the re- 
ceiver will be reduced one-half, having given log 2 = .30103, 
logll = 1,0413927. 

(20) If the capacity of the receiver of a condenser be ten 
times that of the barrel, after how many descents of the 
piston will the force of the condensed air be doubled ? 

(21) If a pump be employed to raise a fluid whose 
specific gravity is .915, find the greatest distance which is 
admissible between the lower valve and the surface of the 
fluid. 

(22) In what position must a siphon ABC (having angle 
ABC a right angle, and AB = BC) be placed in a vessel 
full of water, so as to empty from it the greatest quantity 
possible? 

(23) Find the limit to the height of the highest point of 
a siphon above the surface of water at a place where the 
mercurial barometer stands at 25 inches, the specific gravity 
of mercury being 13.58. 

(24) Two equal cylinders containing equal quantities V 
of different fluids (of specific gravities a^ o-J, which will not 
mix, are connected by an exhausted siphon of small bore. 
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which reaches to the bottom of each cylinder ; find how much 
fluid will run from one vessel into the other. 

(25) Does the tension of the rope of the diving-bell in- 
crease or decrease as the bell is lowered ? 

(26) Find the position of unstable equilibrium of a light 
diving-bell. 

(27) Find the volume of air at atmospheric density which 
may be pumped into the bell at a given depth. 

(28) Two diving-bells are suspended at the ends of a rt)pe 
which passes over a smooth wheel; find how much the one 
must be heavier than the other^ that they may rest in a given 
position. 

What would happen if the rope were hollow, so as to form 
a tube of communication between them ? 

(29) If a valve be made in the top of a diving-bell 
opening upwards, what will be the result? 

(30) In the hydraulic press used at the Britannia bridge, 
the internal diameter of the great cylinder was 20 inches, and 
that of the small tube 1 J inch ; find the lifting power of the 
press, supposing a pressure of 8 tons to be exerted by the 
piston in the small tube. 



SECTION IV. 
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58. The Statical principle of Virtual Velocities asserts 
that if any forces as R^ R^...R^ acting upon a system of points 
keep each other in equilibrium, and if r^, r^...r^ be the virtual 
velocities of these forces respectively, consequent upon any 
very small displacement of the system, which does not alter 
the molecular connexion of its diflferent points, then 

R,r^ + R^r^ +...+ R^r^ = 0. 

The same principle can be proved to hold, when jB^ R^ &c. 
instead of being applied to points of a rigid system, act 
normally upon the surfaces of a weightless inelastic fluid, the 
condition of displacement being in this case that the volume 
of the fluid remain constant and continuous. 

Let ttj ttg a„ be the portions of surfaces, taken small 

enough to be considered plane, upon which R^ &c. ..-B„ 
respectively act; then since these forces are in equilibrium, 
the pressure per unit of surface must be the same throughout 
(Art. 7), and if it be represented by^, we shall have 

f=f=&c f=p :...(i). 

Suppose the displacement of a^ &c. to be made by moving 
them respectively through distances r^, r^y.r^ along tubes 
perpendicular to them and closely fitting them ; these distances 
will be proportional to the virtual velocity of the correspond- 
ing force ; also the alteration in volume of the including vessel 
which the movement of each area a has thus produced in ar, 
and is an increase or decrease according as*r is positive or 
negative, and therefore the total alteration will be the sum of 
these quantities, each r being supposed affected with its proper 
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sign; but since by the supposition the disturbance was not 
such as to break the continuity of the fluid or to alter its 
volume, whatever space was gained in the displacement of 
any of the pistons, an equal space must have been lost in the 
displacement of some of the others, so that by this means the 
total alteration is nothing ; therefore we must have 

ai^ + a2^+ +an^n = 0.. (2), 

and hence, by substitution from equations (1), 

^l^ + ^2^2+ +^n^«=0 (3). 

If the fluid be heavy the principle will still be true, and 
can be proved upon the assumption that normal resistance is 
the only mutual action between the particles. And even in 
this case, if R^R^,».R^ represent respectively the excess of 
the forces acting upon the several pistons a^aL^,,,an beyond 
the forces which would be required to balance the eflfect of 
gravity alone, since then equations (1) (see Art. 7) and (2) 
will still hold, the truth of (3) will be established as before. 

59. If a heavy fluid be contained in a vessel and the 
pressures on its sides be resolved in three directions at right 
angles to each other, to find the sum of the resolved parts in 
each direction. 

Let HLK represent any such vessel, -HZ' being the level 
of the fluid contained in it ; let AA' be a line in the fluid 
drawn parallel to the direction of one of the required resolved 
forces^ to meet the sides in A and A\ 

Let a very small cylinder be constructed, having AA' for 
its axis, CO for its transverse section, a and a the sections of its 
extremities made by the sides of the vessel, and therefore 
portions of those sides, these will be approximately plane. 
Let Pj P be the normal pressures of the fluid upon these, 
not generally in one plane, and let d^ffhQ the angles which 
they respectively make with AA'\ then resolving Pand F 
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along AA and perpendicular to it, if R be the resultant of 
the resolved parts of P and P along AA'^ 




R = Fco60-Fcos0'; 

but if n be the pressure of the atmosphere, or any other 
pressure which is uniform throughout the surface HK^ and a 
be the specific gravity of the fluid, 

P= (n + aAB)ay F^{n + <rA'B)a'; 

.'. Ii = n[acos0-a' cos 0') + a {ABa cos - A'Ba cos 0'). 

Also acos5=^o) = a cos^, therefore this expression is re- 
duced to 

B=^aa>{AB^A'B). 

If <l> be the angle which AA' makes with the vertical, 

^P-^'P' = ^^'cos<^; 

.'. B = a-oi)AA'cos<j>. 

But aooAA' is the weight of the column of fluid AA'j let it 
be represented by w, then 

B = wcos(f> (I). 

This result is true for all the columns parallel to AA' 
which have both their extremities meeting the sides of the 
vessel ; let aa* in the figure be a column, one extrenaity only 
of which, i. e. a, meets the side, the other a is made by the 
surface of the fluid, and let the same letters, as above, be 
used with the same meanings in this case, then 1^=0^ and 
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.\ B = Pcos 5 = (U + a-ab)a cos 

= HoL cos ff + aaho) 

= Hai! cos <^ + <T(oaa cos ^ 

= (ITa' + t^)cos^ (II). 

Now the magnitude of the resultant required of the re- 
solved forces is the sum of all the -B's for which (I) holds, 
together with the sum of all the jB's for which (II) holds, i. e, 
it is the sum of all the quantities (t^^cosi^), together with the 
sum of the quantities ITa'cos<^ as long as a' is the section 
of the cylinders made by HK ; but the sum of all these sec- 
tions is the whole area of the surface itself, let it be repre- 
sented by Ay and the sum of all the w^b is the weight of the 
fluid contained in the vessel, let this be TT: we thus come to 
the conclusion, that the magnitude of the resultant of the re- 
solved parts in directions parallel to AA' of the fluid-pressures 
upon the sides of the vessel containing the fluid is 

{nA+W)co8^ (Ill) 

where (f> is the inclination of A A' to the vertical ; the other 
resolved parts of the pressures are in a plane perpendicular to 
AA'. 

60. Also this force being the resultant of a set of parallel 
forces, each of which acts along the axis of a column of the 
fluid as AA'y and is proportional to the magnitude of that 
column (for even the R in (II) may be considered as pro- 
portional to the magnitude of aa' increased by a constant 
quantity), its direction must pass through the center of gravity 
of the mass, which is made up of these columns, i, e, in the 
case under consideration, the resultant of the resolved pres- 
sures parallel to AA' must pass through the center of gravity 
of a mass of fluid represented by HLKKH\ the portion 
H'HKK' being made up of the portions which must be added 
to the columns axi' in order to make up the pressure 17 in the 
formula (II). 
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If n be zero, it appears that the resultant of each resolved 
part will always pass through the center of gravity of the fluid 
ELK. 

61. If instead of the preceding case we had considered 
a body flL^ immersed in a fluid whose free surface was HK 
produced, we should have obtained the same result as (III) 
for the magnitude of the resolved pressure in the direction 
parallel to AA'j but its direction would have been reversed. 

62. It is easy to deduce from (III) that, if the pressures 
be resolved in directions vertical and horizontal, the horizontal 
portions vanish while the vertical one equals 11 A + W: this, 
then, is the magnitude of the total resultant of all the pres- 
sures, which accords with Art. (18). 

63. If the fluid contained in HLK were without weight, 
the pressure at every point of its surface would be II, which 
might be supposed to be the result of any such cause as that 
mentioned above, or to be produced by the elasticity of the 
fluid itself: in the latter case, of course, HK could not be 
.open. 

Under these circumstances, if the fluid pressure upon the 
surface HLK he resolved in any direction AA'j whose inclina- 

tion to the plane HK which cuts off" this surface, is — — ^, its 

resultant is by the preceding investigations 

= IT-4cos^, 
where A is, as before, the area of the plane HK, 

Or, this result may be stated more generally as follows, 
so as to include the cases where the boundary of the surface 
HLK is not a plane section. 

If the surface HLK be projected upon a plane perpendicular 
to AA', then the resolved part in the direction AA' of a normal 
pressure over the surface HLK, which is uniform and equal to 
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n ai every pointy is the same as would he produced if the pro- 
jected area were pressed uniformly with a pressure U. 

64. Def. When aijy surface is submitted to fluid pres- 
sures^ the point *in it, where the direction of the resultant of 
these pressures would meet it, is called the Center of Pressure; 
if the pressures are such that thej have no single resultant, 
there is no center of pressure. 

In general, to determine this point it is necessary to em- 
ploy the Integral Calculus, but in some simple cases of fluid 
pressures on plane surfaces its position may be inferred from 
a knowledge of the position of the center of gravity of some 
solid. 

Take the case of any plane surface immersed vertically in 
a fluid, which is at rest under the action of gravity alone : 
suppose this surface divided into horizontal strips, each so 
narrow that the pressure on it may ultimately be considered 
uniform. 

Then the pressure upon each strip will be equal to the 
weight of a rectangular slice of the fluid, which has the strip 
for its base, and the depth of the strip below the surface for its 
height (Art. 18). 

Therefore the condition of the pressed surface will be the 
same as if it were placed horizontally with the just mentioned 
sUces of fluid (considered rigid for the purpose) standing upon 
the corresponding strips of surface. 

These slices in the aggregate form a solidified mass of 
fluid; and the resultant of their weights is the weight of this 
mass acting through its center of gravity. 

Therefore the pressure on the surface immersed is equal to 
the weight of the solid, constructed as just mentioned, and 
acts through its center of gravity in a direction normal to the 
surfiace. 



92 



GENERAL PROPOSITIONS. 



By construction this solid is always the frustrum, made by 
a plane^ of the right prism which has the surface immersed for 
its base and the greatest depth of such surface for its greatest 
height (see also Art. 18). 

Thus if the surface immersed be a triangle with its base in 
the surface of the fluid, the solid of pressure is a pyramid 
having the triangle for its base and the altitude of the triangle 
for the edge which passes through the vertex. The depth of 
the center of gravity of this pyramid below the surface of the 
fluid is easily ascertained to be J the altitude of the triangle 
immersed : the required center of pressure will be therefore at 
the same depth and in the line joining the vertex of the 
triangle with the middle point of its base. 

65. Let GD be a tube, capable of revolving freely about 
a vertical axis, and having at its lower extremity one or 
more arms CAy CB, &c. horizontal and closed at their ends 
Ay J?, &c. : suppose this to be filled with water and then orifices 
to be opened in CAy CB, one in each, and always on the same 
side looking from the center C; as the water flows out at these 
orifices the whole instrument will revolve ^n the opposite 



^ 





To 

direction about the axis CD, Such an instrument is usually 
termed Barker's Mill, 
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The explanation of the cause of the revolution is very 
simple ; the fluid may be divided into a number of horizontal 
cylinders, each perpendicular to the laxis of AB^ and the 
resolved part along these of the pressure at their extremities 
will be zero by (I) of Art. (59), excepting for those cylinders, 
one of whose extremities terminates in an orifice; the pressure 
at the other extremity of such cylinders is not counteracted, 
and will therefore tend to turn the arm round the axis. By 
the above-mentioned arrangement of the orifices in the diflferent 
arms, the uncounteracted pressures in each will all tend to 
turn them in the same direction, and thus a rapid revolution 
of the instrument will be produced. By keeping CD full, this 
rotation may be maintained for any length of time, and be 
applied to mechanical purposes. 

66. The surface of a heavy fluid contained in a vessel^ 
which revolves with a uniform angular velocity about a fixed 
vertical axis^ is a paraboloid. 

Each particle in the fluid evidently describes with a uni- 
form velocity a horizontal circle, having its center in the 
vertical axis ; hence, by the principles of Mechanics, the re- 
sultant accelerating force upon the particle must tend to the 

center, and must =— , where v is its linear velocity and r the. 

radius of the circle it describes: but this resultant is the efiect 
of gravity and the fluid-pressures only. 

Now let us consider a particle Jlf in the surface of the fluid, 
having a mass w, and let the next figure represent a vertical 
section of the fluid made through the axis BE of the vessel 
ADFC and the particle ilf, AMBG being the curve in which 
it cuts the fluid. Since M is on the surface of a fluid, which 
from the mobility of the particles must be perfectly smooth, 
the pressure of this surface upon it may be assumed to be 



94 



GENERAL PROPOSITIONS. 



normal; let this direction meet the 
' axis in P and draw MN horizontal ; 
then by what precedes the fluid- 
pressure in the direction MP^ and 
the weight of M in the direction 
of the vertical must have a resultant 
along MN\ the three sides then of 
the triangle MPN being in the di- 
rections of, must be proportional to, 
these three forces: we therefore ob- 
tain 

PN mg 



m— 
r 




Now © being the angular velocity of the whole vessel 
about the axis NBF^ expressed in terms of the angular unit 
of the circular measure, v the linear velocity of M must be 
(oMN'y also r is the distance MN] hence the preceding rela- 
tion becomes 

PN _ g 
MN" ay'MN' 

.'. PN=^,, 

that is, the subnormal PN is a constant quantity, wherever 
in the curve M be taken, a result which is characteristic of 
the parabola where the subnormal is always equal to ^ the 
latus rectum ; the section ABC of the surface of the revolving 

fluid is therefore a parabola whose latus rectum = —25^, and, 

since this section is any whatever through the axis, the whole 
surface must be a paraboloid having the axis of revolution 
for its axis. 
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It is apparent from the investigation that the form of the 
surface of the revolving fluid is quite independent of the shape 
of the including vessel. 

Ex. A cylinder full of fluid is set to revolve twice in 
a second about its vertical axis. Find the quantity of fluid 
spilt^ supposing the radius of the cylinder to be one foot. 

The form of equilibrium of the free surface must be a 
paraboloid passing through the rim of the vessel. 

Let h be the depth of the vertex of the paraboloid below 
the plane through the rim. Then if r be the radius 

but G) = 47r, r = 1 ; 

and^ = 32y since one foot and one second are respectively the 
units of length and time ; 

.•. 1 = . g . h^ which gives h in feet ; 

.'. quantity spilt = volume of paraboloid 

1 ^ J. 

_1 (47|f 

"2-''' 64 

= — cubic feet nearly. 

8 -^ 

It is assumed here that the height of the cylinder is suffi- 
cient to keep the vertex of the paraboloid above the base. 

67. If a body he immersed in a fluid, which is at rest 
under the action of any forces whatsoever j the resultant of the 
pressures upon its surface is exactly equal and opposite to the 
resultant cf the forces which would act upon the fluid which it 
displaces. 
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For if the body were taken away and the displaced fluid 
put back again and supposed to assume a solid form, equi- 
librium would obtain, for the mere solidification can produce 
no disturbance; but to maintain this equilibrium the resultant 
of the pressures on the surface of the solidified fluid must be 
exactly equal and opposite to the resultant of the forces 
applied to it; now these pressures are identical with those 
upon the immersed solid, because the surfaces are the same 
in both cases ; hence the truth of the proposition. 

68. When fluid, contained in a vessel, exerts a pressure on 
the enveloping surface, this pressure has to be resisted by the 
cohesion of the particles forming the mass of the envelope. 
This exertion of the power of cohesion is called tension^ and 
the intensity of its action, as in the case of every other force 
of resistance, will depend on the amount of pressure to be 
counteracted. Every solid body admits of a tension up^to a 
certain amount being exerted between its constituent particles. 
But when the forces applied require for their counteraction a 
tension beyond this amount, the material yields to the strain 
and is broken, or the vessel bursts. 

To understand how the tension at a point in a solid body 
may be measured, let us consider for simplicity, a weight 
supported by a prismatic bar of iron or other material, with 
its axis vertical and with transverse section a. If the bar 
were ci^t through transversely in any section, the lower part 
would, unless otherwise supported, fall. An action therefore 
takes place between the particles in contact throughout any 
transverse section suflScient to counteract the tendency of the 
weight below to pull them asunder. This is the efiect of the 
tenacity of the material, and is what has just been termed 
tension. Of course this whole tension is the aggregate of the 
strain or tension at every point of the section, and although, 
for the reason given in Art. (2) for the case oi pressure^ the 
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tension exerted by an actual point must be nothing, still, as 
the tension really called into play over different parts of the 
section may vary greatly, the conception of tension at a point 
remains. It may very well be measured, as pressure is 
measured in a fluid, by the tension that would he exerted over 
a unit of area of a section of the mass^ supposing the action 
between the particles in contact throughout that unit the same as 
at the proposed point. If, then, w be the weight supported, 
t the measure of the tension at any point in any transverse 
section a, we have, supposing the tension uniform over a, 

w = t.a. 

If we consider the tension of the material forming a vessel, 
subject to any surface pressure, let k be the thickness of the 
side of the vessel at the point in question. Suppose a normal 
section of the side made at the point. Then the area of the 
section of length Z, and uniform thickness of A, would be A.Z, 
and the tension over this (in a direction perpendicular to the 
section) would be t.kl. 

If in the vessel under consideration k be the same through- 
out, t,k is taken as the measure of the tension, and is gene- 
rally denoted by T. 

69. To find the tension at any point of a cylindrical 
suvface inclosing fluid in terms of the normal pressure of the 
fluid. 

The annexed figure represents a 
section of the cylinder having a breadth 
AB made by two planes perpendicular 
to the axis which passes through 0. 
If AB be small enough, the tension 
at every point of it tending to break 
the band may be considered the same throughout; call it T; 
here T is, as explained in the last article, the tension that 
P.H. 7 
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would be exerted over a nonnal section of the surfEU^, of 
thickness equal to that of the surface, and of length equal to 
the linear unit, if each point of this area were solicited by 
a tension equal to that at the proposed point of section. Con- 
sidering the thickness of the surface very small, this tension 
is manifestly always perpendicular to AB and in the tangent 
plane passing through the point at which it acts. 

Draw cibj clV parallel to AB one on each side of it, and 
very close to it, and dcd' a circular section through c the mid- 
dle point of AB and parallel to (m* or hV ; then the tensions 
at every point of ah and a'V are very approximately equal to 
r, and act in their respective tangent planes. Draw the radii 
Odj Ocj Od' ; the small area oJ' is kept at rest by the normal 
pressures of the fluid upon it which are approximately the 
same at every point as that at Aj and the tensions T at every 
point of ai and a!b' acting tangentially. Hence, resolving 
along cO and in a plane perpendicular to it, we have 

resolved tensions along cO 

= Tab sine Od+ Ta'b'&mcOd\ very nesurly, 

^Tab^+Ta'b'^, nearly, 

m -AB, ad , 
= r-^^ nearly. 

Also the resolved pressures in the same direction will, if p 
represent the pressure at -4, be 

=p.aa' .AB very nearly: 

the smaller we take ah' the more nearly will these equations 
be true, and will be absolutely so in the limit; but in all cases 
these two resolved forces must be equal to one another ; 

AB.aa! 



.'. p.aa'.AB=T 



cO 
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or T=p.cO=prj 
if we represent the radius of the cylinder by r. 

69*. This result may be obtained perhaps more simply 
as follows, provided that the pressure of the contained fluid 
throughout any plane perpendicular to the axis be supposed 
constant. 

Suppose a section of the cylinder of breadth AB to be made 
by two planes perpendicular to the axis of the cylinder, and 
suppose this section divided into two semi-cylindrical bands 
by a plane through the axis. Let AB be small and k be the 
thickness of the material at the section. Then the plane 
through the axis will cut the cylindrical section in what will 
be^ always if A; be constant, ultimately as AB is indefinitely 
diminished if Jc vary^ two rectangles of breadth k and length 
AB. 

Now either of the above semi-cylindrical portions is in 
equilibrium xmder the action of the tensions between their two 
surfaces of junction, perpendicular to their planes^ and the 
fluid-pressure on the concave surface. The resultant pressure 
parallel to the tensions will be equal to that on a rectangle 
of breadth AB and length equal the diameter of the cylinder 
(Art. 63). 

Let p be the measure of the fluid-pressure, t the measure 
of the tension, k the thickness at the proposed section : then 
we have 

2t.k.AB=p.2r.ABj 

or t.k=p,r. 

Ex. To find the law of thickness of a vessel of cylindrical 
bore, in order that when filled with fluid of uniform density, 
with its axis vertical, the tendency to burst, as measured by 
the tension at every point, may be the same throughout. 
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Let t be the tension^ k the thickness at the depth Zj r the 
radius of the bore ; a the specific gravity of the fluid. 

Then, by the proposition, 

t.k=prj 
hut p = az; 

• *• fC — ~~~ • Zm 

But by the question t must be constant, and (tt is so, 

.'. hccz\ 
or the thickness must vary as the depth. 

(69 a). By a similar investigation to that of (Art. 69) we 
can find the tension at any point K of a spherical surface con^ 
tainingfluidy the fluid-pressure at that point being p. 

Take ab b'a'j a very small rectangular portion of the surface 
having A as its middle point, and let be 
the center of the sphere, the tension at A may 
be resolved into two, at right angles to each 
other, both in the tangent plane at A; let 
that parallel to ab be represented by T, and 
that parallel to aa' by T' : these may be 
assumed to be equal on account of the symmetry of the surface 
about A : then the very small surface oS' may be considered 
to be kept in equilibrium by the normal pressures at every 
point which are approximately equal 'to p^ the tangential 
tensions at every point of aa and bb' approximately equal to 
Tj and those at every point of ah and ab' approximately equal 

to r. 

Now the resolved parts along AO of the tensidns T at the 
points in aa' and bb' 
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= T — jTr" *PPr<^^™*^*®ly> ^1 ^^ 1*3* proposition, 

and similarly resolved parts along AO of the tensions of ab 

and a'V 

Ta'b' . aa' . ^ , 

= — jyj — approximately ; 



...the sum of these = 2 T^ approximately. 

Again, the resolved part of the normal pressure in the same 

direction 

^paa'.ab' very nearly. 

But these two resolved parts must always counteract each 

other ; therefore, since the above expressions for them are true 

in the limit, 

2T 

or if, as before, r* denote the radius AO, 

(69*a). If p be the same throughout the vessel, T may 
be found sh6rtly by a method similar to that of Art. (69*). 

Suppose the sphere divided into two hemispherical shells by 
a plane through the center. Either of these is in equilibrium 
under the action of the tension throughout the annular band 
of junction, and the fluid-pressures on its concave surface. If 
k be the thickness of the shell, r the radius, t the measure of 
the tension, supposed uniform throughout, and p the pressure, 
we have, as in (Art. 69*), 

or t,k=~. 
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It most be remarked, that if the surface be pressed outside 
as well as within, by a fluid, the p which enters the above 
equations is the difference between these two normal pressures 
at the point A, 

It appears from these formulas, that when p is constant, T 
and T are proportional to each other, or that the tension which 
a given normal pressure calls into action at any point of a 
cylindrical or spherical surface containing it is proportional to 
the radius. 

70. In the description of the Barometer given in Article 36, 
no explanation was offered of any method of measuring the 
length of the column of mercury ; a fixed scale of gradua- 
tions would manifestly not answer the purpose directly, as 
both extremities of the column necessarily shift at once : a 
descent of the mercury in the tube must cause the surface of 
the mercury in the basin to rise, and the sum of these two 
decrements of length makes up the total* decrement ; and 
similarly in the case of an elongation of the column. ' Now a 
fixed scale could only mark the absolute alteration at one end, 
say the upper G^ of the column, but by a simple arrangement 
this may be made to indicate the total alteration. For, sup- 
pose Gto sink d inches, as measured by a fixed scale; then, if 
a be the cross section of the tube, a volume da of mercury 
must thus descend into the basin, and the corresponding rise 
of the surface of the mercury in the basin must be due to this 
increase of volume ; or supposing this rise to be dl inches, and 
the cross section of the basin to be A^ we must have 

do, = d'A ; 

hence the total diminution of the column, being, as before 
said, d-\-d\ 
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Bat it is clear that if the fixed scale be divided into equal 
parte; each of which is to an inch as 1 : [ 1 + -7 j, the length 

d inches will contain ^(l + -7) of these, and hence the 

number of siich gradiuitiona observed upon the length d 
inches, through which G has sunk, will be the real number 
of inches by which the column has been shortened. 

It only needs that the real length of the column should be 
practically ascertained by measuring, when is opposite any 
known graduation of this scale, and be there registered, in 
order that all future lengths be ascertained by inspection. 

71. If the section of the tube be very small compared 

with that of the basin or lower vessel, -^ will be a small 

fraction, and d + d will differ inappreciably from d: this is 
the case with most barometers in common use, so that the 
graduations on their scales are made without respect to the 
considerations of the previous article. 



72. In some barometers the bottom of the basin contain- 
ing the mercury {FG in fig. of Art. 36) is adjustable by means 
of a screw, and thus at the time when an observation is 
required to be taken, the whole mass of mercury can be raised 
or lowered until the surface BE is brought to a fixed level 
with regard to the instrument; an ivory pin, projecting from 
the side DF and pointing downwards, is generally used to 
mark this level, and the mercury can be easily brought into it 
by turning the screw until the image of the ivory point in the 
surface is made to coincide with the point itself: the fixed 
scale then measures upwards from this point. 



( 
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73. The Wheel or Siphon Barometer differs slightly from 
those previously described: instead of the end A (fig. Art. 36) 
being plunged into a vessel of mercury it is bent round ; the 
second branch so formed is similar to BA in the fig, of Art. 
(37), and has its extremity open to the atmosphere ; by this 
arrangement the column of mercury in the second branch, to- 
gether with the pressure of air on its surface, balances the 
column of mercury in the first ; and therefore the difference 
between the length of these columns is the same as the h of 
Art. (36). If the tube be uniform throughout, the variation 
of either column is exactly half the total variation of A ; it is 
therefore only necessary to observe the variation of the open 
one. This is done by attaching one end of a light string to 

a small body which is allowed to float on the surface of the 
mercury, and the other, after the string has been passed over 
a small pulley, to a weight less than that which would be 
sufBcient to balance the float : then as the float rises and falls 
with the mercury, the pulley is turned round by the friction 
of the string, and an index needle fixed to it is made to 
traverse a sort of clock-face : if the circle of the face be large 
and carefully graduated, any very small motion of the float 
will be indicated and measured by the extremity of the needle. 



EXAMPLES TO SECTIOJiT IV. 

(1) A cylinder, the radius of whose base is 1 foot and 
whose weight is 100 lbs., is filled with water, a cubic foot of 
which weighs 1000 ozs.: if the cylinder be inverted on a 
smooth horizontal table, find the greatest number of revolu- 
tions per second which the water may make about the axis of 
the cylinder consistent with no escape of water. 
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Let ABCD represent the cylind^ 
inTerted upon the smooth plane, and oc- j 

cQpied hj fluid which is revolving about P— ^ ^j 

the dotted axis of the cylinder, say n ^ A 

times per second; its angular velocily , ^^ fci^ffl 
is therefore m.Stt, but we may for con- Lr ^ 

▼enience call it a. b^::^^^^ 

If the water were not revolving at all F ^^ ^ 

there would be no pressure upon BC; J -^^ 
and again, if BO were taken away, 
dnring the tevolntion the water would rise at the sides until 
the snr&ce took a parabolic form ; BC must therefore supply 
some force sufficient to keep the water down, and it must be 
itself pressed upwards by the same : when this upward pres- 
sure becomes by reason of the magnitude of the angular 
velocity greater than the weight of the cylinder, i. e. 100 lbs., 
ABCD will be lifted up and the water will escape below its 
edges. We want then to find this pressure corresponding 
to the angular velocity a. 

Suppose the sides of the cylinder to be produced upwards 
as represented by the dotted lines Bk, Ce in the figure, and 
suppose BC to be a rigid plate capable of being made to slide 
in and out: now let BC be drawn out while the water is 
revolving, and a sufficient quantity of water be added to make 
the carve free-surface yXj take the position given in the figure 
where the vertex h of the parabola is exactly where the mid- 
dle point of BCvftiB: if when thb is the case BO be again 
poshed in, its presence can produce no disturbance in the re- 
volving water either above it or below it ; but by this means 
the lower part is quite shut off from the upper, which may 
therefore be removed and neglected ; and then the lower is 
only under the circumstances which were proposed by the 
problem. We thus see that the state of the revolvbg fluid 
ABCD (and therefore its pressure at every point, because it is 
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SO at one point h) is the same whether we suppose the portion 
of fluid ^AC!^ to be superincumbent, or whether we suppose 
BG to be stretched rigidly across : hence the pressure which 
BG exerts downwards, and which we wanted to find, is ex- 
actly equal to the weight of the volume of fluid fBhCg, 
Call this volume F- 

Now the volume of the paraboloid fhg is \ of that of the 
cylinder fBGg, therefore V which is the remaining half of 
the cylinder = ^Bh?. Bf, Also since the latus rectum of the 

parabola/ft=^ (Art 66), Bf^^Bh'; 



^^TT© 



'Bh' 



cubic feet, because Bhia 1 foot ; 



4 X 32.2 
.-.weight of F^j^^^^lbs. 

This, as before explained, is the force tending to lift the 
cylinder, and therefore the greatest value that o) can have, 
without escape of water taking place, is when this just equals 
the weight of the cylinder, or when 

TTQ)' 1000 



X-— =100, 



4 X 32.2 16 

4nV 10_ 
^^ 4x32.2^16" ' 

nV= 16x3.22; 

logn = i (logl6 + log3.22 - 3 logTr) 

= i (1.20412 + .50786 - 1.49145) 

= i X .22053 

= .110265 

= log 1.289; 
.-. n = 1.289. 



EXAMPLES. 107 

Hence the water can only make 1.289 of a revolution per 
second; or about IJ, without escaping. 

When would a cover, turning upon a hinge and unsym- 
metrically loaded, be raised? 

(2) An Indian-rubber ball containing air has a radius a 
when the temperature of the air is 0° (centigrade). Supposing 
the tension of the Indian-rubber = /Lt x (radius)', shew that the 
radius r of the ball when the temperature is f will be given 
by the equation 



a TT + 2/Lta ' 



2fjLa 

e being the ratio (Sect. V.) between the increase of volume 
and of temperature for air at a constant pressure, and tt being 
the pressure of the atmosphere. 

Let p and p' be the pressures of the included air, p and p' 
its densities when the temperature is t° and 0° respectively, 
then we have (Art. 82), 

Also, since the densities are inversely as the volumes, 

^' — «.8 > 

p r 

a p 

but (Art. 69*a), i (p — 7r)r = tension = fir^ by question ; 

.•. p=i7r + 2fir] 
similarly, p =7r + 2fia; 
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.•.by substitution 



ry + 2fir _ 
aV + 2/Lta 



et. 



(3) A spherical vessel contains a quantity of water whose 
volume is to the volume of the vessel as n : 1 ; shew that no 
water can escape through a small hole at the lowest point, if 
the vessel and the water in it have an angular velocity about 
the vertical diameter not less than 



[r(l-n*) 

r being the radius of the vessel, and g the accelerating force 
of gravity. 

Let ADBE be the spherical vessel revolving with an 
angular velocity a> about 
its vertical diameter^ CB : 
the surface of the inclosed 
water will be a paraboloid 
(Art. 66), whose latus rec- 

turn is |; let the upper 

part of this surface meet 

the sides of the shell in D 

andjS: by the question no 

water must run out at a 

small hole at Ay hence 

there must be no water 

lying upon the hole, or, in other words, the angular velocity 

is least possible when the lower part of the surface of the 

water just passes through A. 

Now because -B is a point in the parabola DAE^ whose 




latus rectum is 



0) 
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^_?£ 



ft) 

Also becanse J? is a point in the circle ADBEy whose dia- 
meter is ABy 

.-. CH'^BC.AC; 

.*. JjO = — &• 
ft) 

Again, the volume of the contained water is evidently the 
difference between the volume of the portion DAE of the 
sphere, and the volume DAE of the paraboloid ; but this 
difference is equal to the volume of a sphere whose diameter 
ibAC*; 

vol. of water A(P . 

•'• — 1 — r 1 T^^' =1 = ~r^ = w by question : 

vol. of vessel contammg it AB^ ^ ^ ' 

AB-BG\^ 
or 



AB ^' 



* This is easily apparent if the slice which would be cut off from the whole 
■pliere bj any two horizontal planes very close to each other be considered, say 
that cot off by KLM in the figure, and a plane parallel to it at a small distance 
d, im the portion which belongs to the paraboloid is irLM\ d, while the whole 
dice is irKM^ d : the difference between these is ir{KM^ — LM^)d 

= ir{AM.BM—AM,BC)d 
= irAM(BM^BC)d 
^irAM.MCd; 

but if AK'O be a section of the sphere described upon AC aa diameter 
jLM.MCsb MK'^j therefore the difference between the portion of the sphere 
BDKABy and the portion of the paraboloid DAE cut off by these two parallel 
planes, is equal to the slice of the sphere CK'A cut off by the same planes ; and 
thif 10 true whereyer the planes be taken, and hence the above result may be 
dednoed. 
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.'. Bubstitating from above, 

l-4- = w, 



ft) r 



et> 



V r(l-w 



(T^" 



This is the value of the angular velocity which makes the 
surface of the revolving fluid pass through A ; all less veloci- 
ties would make the surface pass above A^ and all greater 
would make the surface, produced, pass below A ; hence the 
truth of the proposition. 

(4) A bent tube of very small uniform bore throughout, 
consists of two straight legs, of which one is horizontal and 
closed at the end, and the other is vertical and open. If the 
horizontal leg be filled with mercury, and the tube be made 
to revolve about a vertical axis passing through the closed 
end, 80 that the mercury rises in the vertical leg to a distance 
d from the bend, shew that the angular velocity is 



=v^ 






I being the length of the horizontal leg, and A the height 
of the mercury in the barometer at the time of the experi- 
ment. 

Shew also that the mercury will not rise at all in the 
vertical leg unless the angular velocity be greater than — ^. 
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Ill 




Let ABC represent the tube revolving about a vertical 
axis through the closed end A^ P the 
height to which the mercury rises in 
the open vertical tube BGy and Q the 
distance to which it recedes from the 
axis in the horizontal one, then, since 
the tube is uniform, AQ^PB=^d) 
also by question AB^ I, Suppose the 
pressure of the atmospheric air upon P 
to be replaced by the weight of ad- 
ditional mercury poured into the open 
tube BGj and let the upper surface of j^! 
this mercury be at P', then PP = A. 

Now it is evident that since the 
pressure is nothing both at P and Q, these two points must 
be in the free surface of the paraboloid, which would have 
been formed by the revolution about the vertical axis through 
^ of a sufficient quantity of mercury contained in an open 
vessel, with an angular velocity exactly equal to that of the 
tube in the given case; call this velocity &>, and let the 
dotted line P'QK be the supposed surface: draw PA* 
perpendicular to the axis. Then, since the latus rectum of 

the parabola P'QK is (Art. 66) equal to -4, we have 

AQ'^^AK, 

" to ' 

PA'*= %A'K; 

a* ' 



(0 



or o> 






^. 
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The least value of © for which the mercury will rise in the 
tube BG is clearly that just greater than the value which 
makes the parabola of the surface pass through P and Ay 
when Pwill of course be at 5; but under these circumstances 



I — f)i/*j 



6)' ' L 



(5) Two hemispheres of equal radius are placed in close 
contact, so that their common surface is horizontal ; the upper 
one is fixed firmly and communicates with an air-pump : find 
the least number of strokes of the piston in order that a given 
weight may be suspended from the lower hemisphere. 

The internal air must be so rarefied that the difference 
between its normal pressure upon the lower hemisphere and 
that of the external air upon the same shall be great enough 
for its vertical resolved part (Art. 63) to be equal to the given 
weight, togetheir with the weight of the lower hemisphere. 

Ex. Given the pressure of the atmosphere is 15 lbs. per 
square inch, the volume of the sphere is 20 times that of the 
pump, the area of a great circle of the sphere is 2 square 
feet, and the weight to be suspended, together with that of 
the lower hemisphere, is 19f cwt. 

Also log2 = *3010300, log2-l = '3222193. 

(6) A vertical prismatic vessel, closed at the base and 
filled with fluid, is formed of rectangular staves held together 
by a single string passing round them, as a hoop. Find the 
position of the string. (Art. 64.) 

(7) A cylinder, into which water has been poured, re- 
volves uniformly about its axis, which is vertical, bubbles of 
air rise from the base; shew that these will all converge 
towards the axis in their ascent. (Art. 67.) 



SECTION V. 



MIXTURE OF GASES. — VAPOUR. 



74. Boyle's law obtains for a mixture of gases as well 
as for a simple one ; indeed, air, upon which the first experi- 
mental proof of it was practised, is made up of two gases, 
oxygen and nitrogen, in the proportion of 1 to 4 by weight : 
the experimental facts upon which the more general form of 
this law is based are the two following : — 

(1) Whenever two gases of different densities are allowed 
to come into contact with each other, they very quickly inter- 
mix and form a compound which is of uniform density 
throughout, and in which any equal volumes, wherever taken, 
always contain the same proportion of the two component 
gases. The rapidity with which the homogeneity is attained 
increases with the difference between the densities of the two 
gases. It may here be remarked, that no such intermixture 
'ever results from the combination of inelastic fluids unless 
they be of equal densities ; and if it be produced among them 
artificially, however complete it may appear, as in milk and 
tea, the fluids will in time separate themselves, and lie super- 
imposed upon one another in the order of stable equilibrium. 
The case of fluids, whether elastic or not, which act chemically 
upon one another is not here considered. 

(2) If a gas compounded of given quantities of two 
different gases be put into a closed vessel, the pressure at 
every point of it, or its elastic force (Art. 34), is the sum of the 
two pressures which would be respectively due by Boyle's law 
to the given quantities of the two gases, if inclosed separately 

p. H. 8 
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« 

in the same vessel and at the same temperature as the com- 
pound : thus, let U be the capacity of the vessel, IT the 
pressure of the compound occupying it, and let the quantities 
of the two gases, forming the compound, be such that the 
pressure of the first when occupying a volume Fis P, and of 
the second in a volume V is P, then the pressure of the 

V V 

first in the volume ?7 would be Pyv, and of the second P y^, 

V V 
and therefore our result isIT = Py^+P' ffi, which takes the 

simple form 

nU=:PV+FV' (1). 

Dr. Dalton has very concisely stated .this fact by saying 
that " One gas acts as a vacuum with respect to another." 

From this formula it can be immediately shewn that 
Boyle's law holds for the mixture; for supposing the same 
quantities of the two gases had been put into a space U' in- 
stead of ?7, then the. pressure IT' would have been given by 
the equation 

n'U'==PV+FV. 

Now it is manifest that this latter compound is the same 
as the former, and therefore IT and IT' are its pressures 
corresponding to the volumes CT" and U': but 11 17=11' IT 

n u' 

or Yft = jff the same result as that which Boyle's law giyes. 

(Art. 37.) 

75. A gas and a liquid, when in contact with each other, 
and of such a character as not to act chemically upon each 
other, generally intermix in a partial manner: if there be 
several gases present a portion of each penetrates the liquid 
and pervades its whole extent uniformly; the amount of this 
portion is quite independent of the number of gases which 
may be so penetrating, but is always such that if it occupied 
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alone the volume which the liquid does^ its density would 
bear a certain proportion to that of the same gas, which is left 
oatside and also supposed to occupy its space alone, this pro- 
portion depending upon the liquid and the gas together. 

This experimental fact may be stated more generally as 
follows : if the volume of a closed vessel be F+ U^ and the 
part ETbe occupied by a given liquid, and if into the remain- 
ing space V any number n of gases be introduced in any 
quantities whatsoever, a portion of each of them will pene- 
trate the liquid, and the ratio which the quantity of each gas 
remaining in F bears to the quantity of the same which per- 
vades the liquid in CT" will be independent of n : thus if Vp be 
the one quantity. Up the other for a particular gas, it is always 

finmd that p'= — p, whether there be only one, or whether there 

be fifty gases submitted to the liquid at once ; as mentioned 
above^ li will differ with different gases, but is constant as 
long as the gas and the liquid which are referred to remain 
the same. 

To take an instance : this proportion is found to be ^ for 
o^gen and water, but only ^ for nitrogen and water ; hence 
assuming common air to consist of 1 part of oxygen and 4 of 
nitrogen, their densities would be in the same proportion if 
they occupied space alone, and therefore, by our rule, the 
amount of oxygen absorbed by a given portion of water in 
contact with air would be, when compared with the amount 
of nitrogen absorbed by the same portion of water, as is 
^:^ or as 1:2. 

76. In all our previous investigations the effect of heat 
in modifying the action of fluids has been left out of con- 
sideration, or rather has been supposed to be invariable : this 
aupposition holds true whenever the circumstances of the case 
presmne the temperature to remain constant, but if changes 
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take place in it, there will generally be corresponding changes 
in the hydrostatical properties of the fluids. 

It would seem from experiment, that a free mass, whether 
solid or fluid, never experiences a change in its temperature 
without undergoing some alteration in its dimensions; and 
conversely. We may say generally, that additional heat im- 
parted to a body causes it to expand, while the withdrawal of 
heat is followed by its contraction ; the converse of this is 
equally general, that the forcible compression of a body makes 
it give out some of the heat which was necessary for its more 
expanded state, and the extension of it in the same way 
obliges it to absorb heat. Whenever, too, the temperature 
of any body after sufiering any succession of changes returns 
to any particular state, it is always observed that the dimen- 
sions of the body return also to a constant corresponding 
magnitude. 

77. By accurate observation of efiects of this kind it 
appears also that interchanges of heat always take place 
between portions of matter, whether in contact or at a distance 
from each other, until a species of equilibrium has been 
attained ; when this is the case the diflerent portions are said 
to have the same temperature. These facts lead us to the 
means of estimating and defining diflerent stages of tem- 
perature, and of measuring the amount of its increase or 
diminution. Any instrument constructed for this purpose is 
termed a thermometer : of these there are many kinds, but it 
will be suflScient, for the purpose of illustrating the above- 
mentioned principle, to describe the mercurial thermometer. 
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The Thermometer, 

78. The construction of this instrument is based upon 
the fact, that for low temperatures the expansion of mercury 
under the action of heat is such that the increase of its volume 
is always proportional to the increase of the heat. 

It is merely a glass tube, of uniform bore, developed into a 
bulb at one extremity; this bulb, together with a portion of the 
tube, is occupied by very pure mercury, and a vacuum is pre- 
served in the remainder of the tube by the extremity being 
hermetically sealed ; the bore of the tube is uniform and ex- 
tremely small, and therefore a slight expansion of the whole 
mass of mercury makes a great difference in the length of the 
tube occupied. By the aid of graduations along the tube, 
the increase or decrease in the volume .of the mercury con- 
sequent upon an alteration of temperature may be readily 
observed, and therefore the difference between temperatures 
compared. If tie difference between two known temperatures, 
or any part of it, be taken as the unit of measurement of tem- 
perature, this instrument affords us the means of expressing 
any other difference of temperature in terms of it. The two 
temperatures taken for this purpose are those of melting ice, 
and of the steam of water boiling under an atmospheric 
pressure of 29*8 inches of the mercurial barometer. In some 
kinds of thermometers, as the centigrade, the y^^ part of the 
difference between these temperatures is chosen for the unit ; 
in others, as in Fahrenheit's, the j^^ part is taken. To gra- 
duate the thermometer accordingly, the instrument must first 
be plunged in melting ice, and the level of the mercury in the 
tube marked; it must then be submitted to the steam of water 
boiling under a given atmospheric pressure, and the level of 
the mercury again marked ; the volume of the tube between 
these two marks must be divided in the centigrade into 100^ 
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and in Fahrenheit's into 180 equal parts ; each of these parts 
is termed a degree. These two kinds of thermometers also 
differ in respect to the division on the tube at which the 
numbering of the degrees commences ; in the centigrade the 
reckoning starts from the freezing point, and therefore 100° 
indicates the temperature of boiling water, while in Fahr- 
enheit's the initial point on the tube is 32° below the freezing 
point, thus making 212° the boiling water point. 

These distinctions must always be careftilly regarded in 
the consideration of the temperature as given by either ther- 
mometer ; for instance, 40° centigrade indicates a temperatuie 
which is greater than freezing temperature by 40 degrees of 
that thermometer, [i. e. by j^ of difference between freezing 
and boiling) ; but 40° Fahrenheit is only eight of its degrees 
{{, e. j^jj of difference between freezing and boiling) above 
freezing point : and generally, if i^° and (7° be the cor- 
responding numbers of degrees upon Fahrenheit's and the 
centigrade thermometers respectively, which indicate the same 
given temperature, they must belong to graduations which 
divide the distance between the boiling and freezing point, 
on each thermometer, in the same proportion. Now jP° of 
Fahrenheit denotes a graduation (jF— 32) degrees beyond 

freezing point, and therefore one which cuts off of the 

distance between boiling and freezing points, while the gra- 
duation on the centigrade whose number is (7, is at a distance 

C 
from its freezing point equal to r^ of the length between 

boiling and freezing; therefore 

^' = 4or5(i.-32) = 9C7; 

a formula connecting the numbers of those graduations on the 
two thermometers which correspond to the same temperature. 
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In a similar maimer might be investigated a formula for any 
other two thermometers whose mode of graduation was known. 
The advantage of Fahrenheit's thermometer over the cen- 
tigrade and others is, that the degrees are small, and therefore 
fractional parts of them are the less frequently requisite in ob- 
servations, and that the commencement of the scale is placed 
so low that it is seldom necessary to speak of negative degrees. 

79. The filling and graduating of a thermometer is an 
a&ir requiring great skill and precaution. The object to be 
attained in filling the instrument, is to introduce a quantity of 
pure mercury, which shall occupy, at ordinary temperatures, the 
bulb and part of the tube, leaving a vacuum in the remainder. 

The method generally adopted is somewhat as follows. 
The instrument is held vertically with its open end upwards. 
A small funnel-shaped vessel containing mercury is placed 
over this open end. The flame of a spirit lamp is applied to 
the bulb, which, increasing the temperature of the included 
air, increases its pressure, and some of it forces its way in 
bubbles through the mercury. If the lamp be now removed, 
the temperature of the air in the instrument falls, its pressure 
diminishes, and some of the mercury is forced in by atmo- 
spheric pressure to occupy the space of the air expelled. By 
continually repeating this process all the air may be dislodged 
and the instrument filled with mercury. If now the funnel 
be removed, and the instrument heated, the volume of the 
mercury will increase so that some will flow out at the open 
end. The heat is raised to the highest temperature which the 
thermometer can be required to indicate, and then the hitherto 
open end is hermetically closed. As the mercury cools, it 
sinks in the tube, leaving a vacuum above it. 

In graduating the instrument it must be remembered that 
the temperature at which ice melts seems to be absolutely 
constant under all circumstances, but that at which water 
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boils is not so, unless the pressure and hjgrometrical state of 
the atmosphere is also the same. 

It ought, perhaps, to be here remarked, that the expansion 
of the mercury measured by the thermometer is not absolutely 
that of the mercury itself, inasmuch as the tube too expands ; 
it is therefore the difference between these two expansions 
which the graduations give us: but this fact introduces no 
difficulty, because the expansion of the glass, like that of the 
mercury, is proportional to the increase of heat, and therefore 
the difference between the two expansions must also be pro- 
portional to it. 

The expansion of solids is not so often made use of for the 
measurement of temperature as that of fluids, both because it 
is much smaller in amount and is less easily measured. 

80. When a thermometer is brought into the neighbour- 
hood of a medium or substance whose temperature is desired, 
its presence alters that temperature by the interchange of heat 
which immediately takes place, and which is indeed essential 
to the use of the thermometer; it is this new temperature 
which is the subject of observation, and not the original; 
under ordinary circumstances, however, when the mass of the 
thermometer is small compared with that of the substance 
around it (Art. 87), there is no appreciable difference between 
them. 

81. It is a curious circumstance with regard to water, 
that although it decreases in volume as its temperature di- 
minishes down to about 40° Fahrenheit, for a still further 
diminution its volume increases again.* Some most import- 
ant results following from this fact will be noticed below, 
Art. 111. 

* Recent experiments seem to shew that this property belongs to many 
other substances as well as water. 
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82. It is discovered by experiment that the following 
very simple law regulates the expansion of gases under heat : 
— the ratio of the increase of volume to the original volume is 
for all gases in the same proportion to the increase of tern- 
peraturCj provided the pressure exerted upon them remains un- 
changed^ whatever that pressure he; thus if Fbe the volume of 
a gas at a given pressure and temperature, V its. volume at 
the same pressure^ but at a temperature increased by t°, then 

where a is a number which is the same for all gases, but 
varies, of course, with the magnitude of the degrees in terms 
of which t is measured. 

It appears then from this law and from Boyle's law (Art. 37) 
(each of them deduced from experiment) that the density of 
gas depends both on the temperature and pressure. 

To find the relation between these three, suppose p^y p^j 0, 
Pj py t corresponding values of the pressure, density, and tem- 
perature for two conditions of a given gas. Then the change 
of density from p^ to p would be produced, by first changing 
the temperature from to f , and then changing the pressure 
from;;, to;;. 

Let p^ become p' by the first change, and let F,, V^ be the 
corresponding volumes of the gas. Then, by the law above 
enunciated, we have, since the pressure is unaltered, 

Po 

or, - = -(l + aO 

P Po 



122 MIXTURE OF GASES. 

We have now a pressure p^y a density p', and a temperature 
t Now increase p^ to p, the temperature remaining t Then 
the density becomes p, and by Boyle's law (Art. 38), 

jPo P Po 

But whatever was the original density p^j for a tempera- 
ture 0, it was connected with the pressure by the relation 

Po^hoy (Art. 38); 

*Po Po 

p = kp{l + at)y 
the required relation. 

It should be remembered carefully, that k and a are quan- 
tities which must be determined by experiment. 

k is found to differ for different gases ; a is the same for 
all. An explanation of a method for determining k for air has 
been given in Art. (38*). 

83. We are unable to ascertain the amount of heat actu- 
ally contained by a body when exhibiting a given temperature, 
but by careful thermometric experiments we can discover how 
much heat is absorbed or given out by it in passing from one 
known temperature to another; the amount of this heat so 
absorbed or evolved being estimated by the number of degrees 
to which it will raise the temperature of a given mass of 
water. The results of such experiments are, that for the same 
substance : 

(1) The quantity of heat required to be absorbed or 
given out, in order to produce a given increase or decrease 
respectively of temperature, is proportional to the mass : 
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(2) The quantity absorbed or given out by a given mass 
is in a constant proportion to the consequent increase or de- 
crease of temperature. 

84. This may be concisely illustrated by saying that if 
m and rn! be two masses of the same substance exhibiting 
temperatures t and t* respectively, and if t be the uniform 
temperature which these two masses united will attain, then 

{m-\-m')T = mt-\-w!t'. 

Thus if any volume of water heated to 70° of any ther- 
mometer, be mixed with twice the same volume of water at 
100°, the mixture will be found to have the temperature of 
90° by the same thermometer. 

85. When we come to the consideration of different sub- 
stances^ we find the constant ratio of law (2) is different for 
each : if q represent the quantity of heat absorbed by a unit 
of mass of distilled water in order to increase its temperature 
by one degree of heat, and g' the quantity required for the 
same purpose by a unit of mass of mercury, q and j' are 
very different ; of course their absolute magnitudes would, by 
both laws, vary in proportion to the magnitude of the unit 
of mass and the degree of heat; but their ratio, instead of 

being unity, is - = .033 nearly : if q' refer to spermaceti 

oil, ^ = .5. 

This general fact may be got at by a variety of experi- 
ments. For instance, if equal weights of quicksilver and 
water be mixed, the first having a temperature 40°, and the 
second 156°, the temperature of the resulting mixture is found 
to be 152°.3; it thus appears that the water has lost Jieai while 
the mercury has gained some, and it cannot be doubted but 
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that these quantities are eqnal; but then this quantity ab- 
stracted from the water only diminishes its temperature 3®.7, 
while it raises the temperature of the mass of mercury, to 
which it is added, and which is equal to the mass of water, 
112^3. From this it may be inferred, that for raising a given 
mass of mercury 1° it requires jf ^^ of the heat which will 
produce the same result in an equal mass of water. 

Again, if a pound of water at 100° be mixed with two 
pounds of oil at 50°, the resulting temperature will be 75° ; 
therefore the same heat which will lower 1 lb. of water 25°, 
will raise 2 lbs. of oil the same amount. 

86. These quantities, q and j', are generally denominated 
the specific heats of the respective substances, and are most 
commonly measured in terms of the specific heat of some one 
substance, taken as the unit ; if this one be distilled water, as 
is usually the case, we should have j', the specific heat of 
mercury, = .033 ; and similarly for all other substances. 

87. To include these results under a general formula, let 
T° be the temperature resulting from the combination of a mass 
w, say of mercury, at a temperature <°, with a mass m\ say of 
water, at a temperature f ; and let y, j', as before, be the spe- 
cific heats of mercury and water respectively. 

Suppose « to be greater than «', and (7, estimated in terms 

of the same unit as q and j', the quantity of heat lost by the 

whole mass of mercury and therefore gained by the water ; 

since then it would require a loss of heat = mq to reduce the 

temperature of the mercury one degree, its actual reduction is 

(7° 

— ; similarly the increase of the water's temperature must be 

mq 

—f—, ; therefore we have 
mq 
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G , G 

mq mq ^ 

from which results, by the elimination of (7, 

{mq + m'q)T = mqt + m'qt' (a), 

. g_ ni(^-T) 
•• q'm'{T-t') ^^^' 

the equation (Art. 84) is evidently only a particular case 
of (a). 

88. The foregoing definition of specific heat is not ex- 
tended to gases. It is found more convenient in such cases to 
speak of two kinds of specific heat: the'^r^^ refers to the 
quantity of heat required to raise by one degree the tempera- 
ture of a gas contained by the rigid sides of vessels of constant 
volume: the second, to be the quantity required to increase 
by one degree the temperature of a gas contained by the ex- 
tensible sides of a vessel of such nature that the pressure is 
maintained constant. 

89. It has been remarked (Art. 76) that an alteration of 
the temperature is always accompanied by an alteration of the 
dimensions of a body, unless some constraining force be in 
action : it may be further asserted that all solid bodies may 
by a sufficient increase of heat be rendered liquid, and by 
a still greater increase, changed into vapour. The converse 
seems also to be true, that all elastic fluids will upon a with- 
drawal of heat become inelastic, and, if the process be con- 
tinued long enough, at length solid. In short, alteration of 
temperature in any substance is always accompanied by either 
change of volume or change of chemical character. Also 
with elastic fluids increase or decrease of pressure produces 
the same effects as decrease or increase of temperature re- 
spectively. 
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90. The term vapour is usually applied to those elastic 
fluids which at ordinary atmospheric pressure and temperature 
lose their elasticity. The laws connecting their changes of 
temperature, pressure, and fluid state, are very important, the 
more so as one of them, steam, is now of such extensive 
application as a motive power. 

91. When an inelastic fluid occupies a portion of an 
inclosed vessel, the remainder being at first a perfect vacuum, 
a certain amount of vapour is disengaged from the fluid and 
passes into the empty space, until the space will hold no more 
at that temperature; this space is then said to be aatarated 
with the vapour and the vapour itself to be at saturating 
density : the temperature at which a given density of vapour 
saturates space is termed the Dew Point of that density : the 
origin of this term will be explained in a later article (Art. 110). 
If the temperature be now increased, without any alteration 
in the volume of the inclosing vessel, the elastic force of the 
vapour increases also : and it does so to a much greater extent 
than accords with Boyle's law ; this arises from the circum- 
stance that additional vapour is generated by the fluid, and 
therefore the space in its new state of saturation corresponding 
to the new temperature contains more vapour than before. 
The law which connects the density of a vapour with its dew 
point is not simple, and need not be introduced here. 

92. If the space containing the vapour be shut off from 
all communication with the fluid, an increase or decrease of 
temperature in the vapour will cause an alteration in its pres- 
sure, accordant with the law of Art. 82, down to the point 
when the temperature is just sufficient to retain the given 
vapour in an elastic state, i, e. down to the dew point of its 
density; at this point and below it, just so much of the vapour 
will be deposited in its liquid state as will leave the remainder 
at the required saturating density. 
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Again^ if the temperature remaining constant, the space 
above the liquid be increased, sufficient vapour will be disen- 
gaged to keep the space saturated. 

Generally, then, if vapour rise into a void space, it will, 
whether in contact with its own liquid or not, maintain a given 
density at a given temperature, a portion of it, if necessary, 
becoming condensed: excepting beyond the limiting tempera- 
ture when its quantity is not sufficient to effect this, and then 
it follows Boyle's law. 

93. There is every probability that what are usually 
termed permanent gases are vapours whose saturating densities 
are very great for low temperatures, and thence arises the 
difficulty of reducing them to the liquid state. 

94. The results which have just been stated with respect 
to the quantity of yaponr which rises at a giyen temperature 
into a void space from a liquid exposed to it, are also true 
when the space is already occupied by any other gases or 
vapours ; the only difference is, that in this case time is re- 
quired to complete the saturation. 

95. When a space is occupied by any number of gases 
and vapours together (these last being supposed at saturation 
density, otherwise they are, as far as we are concerned, gases,) 
the laws of Art. (74) obtain for the mixture : it is uniform 
throughout, and the pressure at every point is the sum of 
those pressures which would be separately due to the Indi- 
vidual gases or vapours if they occupied the space alone. 

96. The curious phenomenon of ebullition which takes 
place when water is heated to boiling point admits of explan- 
ation by the aid of the foregoing principles. When the 
vessel is placed upon the fire the particles of water next its 
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sides become heated^ rise to the surface, and there give off 
their vapour: the colder particles which take their places 
become heated in turn, and by a continuation of this process 
the whole mass becomes gradually heated; but so far the 
operation of heating is quite tranquil. At length the lower 
layers attain such a temperature, that the pressure of their 
vapour at the corresponding saturating density is greater than 
that of the superincumbent fluid : this vapour therefore ex- 
pands, forms itself into bubbles and rises towards the surface ; 
but in its progress it comes into fluid of a lower temperature 
and is consequently suddenly condensed; this produces the 
bubbling noise and disturbance in the water which precedes 
the boiling. These heated bubbles of vapour however greatly 
accelerate the equalization of the temperature of the whole 
fluid : it finally becomes uniform, and the bubbles of vapour 
generated in all parts of the fluid pass out to the surface at 
uniform pressure, which must manifestly equal that of the 
atmosphere : the disturbance arising from the passage of these 
bubbles continues, but the crackling and bubbling has ceased 
and the boiling is completed. Ebullition, then, which is the 
criterion of boiling, occurs as soon as the temperature of the 
interior particles of the fluid becomes such that the pressure 
of their vapour at the corresponding saturating density is 
greater than the pressure of the surrounding fluid. 

We see from this explanation that the pressure of the 
atmosphere upon the surface of water must materially affect 
the temperature at which water will boil, and must therefore 
be taken into consideration in the graduation of the thermo- 
meter. The height of the barometer is about 30 inches when 
boiling water has the temperature 212° indicated by Fahren- 
heit's thermometer. (Art. 78.) 

97. The preceding laws connecting the pressures, &c. of 
a mixture of a gas with vapour may be exhibited in an alge- 
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braical form. Suppose the gas to be always in contact with 
liquid affording the vapour, and its quantity to be given, then 
if Fbe the space it occupies at temperature f, and itp denote 
what would be its pressure if it occupied that space alone, by 
Art.. (82), 

p=^y{l+at) (1), 

because the quantity of gas remaining the same, its density 
varies inversely as its volume. Now by Art. (74), if P be the 
whole pressure of the mixture, i^the elastic force or pressure 
of the vapour at saturating density, 

P=p + F (2), 

therefore, substituting above. 






(3). 



98. From the preceding remarks it may be collected that, 
when bodies change their state and dimensions, a portion of 
heat is always either absorbed or given out by them, and that 
this portion is not all accounted for by the consequent altera- 
tion in their temperature. In fact, one part of the heat absorbed 
or given out is employed in producing mechanical changes in 
the body itself, i.e, in making it larger or smaller, or in 
altering its chemical nature ; the other goes towards increasing 
or decreasing the temperature. The definition above given of 
specific heat takes the whole of this heat into consideration, 
while the first part is usually distinguished by the name of 
latent or insensible heat. 

99. The quantity of heat which becomes latent in the 
passage of an inelastic fluid into the gaseous state is very 
great, all of which is absorbed by the vapour at the moment 
of its generation either from its parent fluid or from any solid 

p. H. -9 



130 MIXTURE OF GASES. 

body with which it may then be in contact, snch as would be 
the case if the evaporating liquid were percolating any sub- 
stance. The vapour and liquid, like all bodies which are in 
contact, and which readily impart heat to each other, are 
always of the same temperature^ and therefore during the 
evaporation, if no extraneous heat be supplied them, they will 
both gradually cool, and thus, if the pressure above the liquid 
be diminished sufficiently to keep it boiling notwithstanding 
the lowered temperature, a freezing of the liquid will actually 
be the result of its boiling. 

With the aid of the air-pump many experiments may be 
made to shew this remarkable phenomenon : but perhaps the 
most instructive of all is the following : If two bulbs of glass 
be connected by a bent tube, and one be filled with water and 
then heated so that the vapour rises sufficiently to drive all air 
out of the tube through an orifice in the empty bowl, and if 
this orifice be then closed, the pressure of the included steam 
will after cooling be reduced to that which is due to the 
temperature of the air : if now the empty bulb be immersed in 
a freezing mixture, the steam will have its pressure so di- 
minished that the water in the other bulb will immediately 
boil very rapidly, and the consequent vapour wiU carry off 
from it to the freezing mixture enough latent heat to convert 
the remaining water into ice. This apparatus was invented by 
WoUaston, and called by him the Cryophorus, or frost-bearer. 

100. This explanation fully accounts for the well-known 
cooling effect of evaporation. A sudden dilatation of a gas 
produces the same result, as does also the reduction of a solid 
to a liquid state, such as the thawing of ice. On the contrary, 
physical changes of an opposite kind cause the body to evolve 
heat : thus when quicklime is slaked and a species of con- 
cretion or solidification of the water thereby produced, con- 
siderable heat is given forth. Also in some neat contrivances 
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for lighting matches the necessary heat is produced by a sud- 
den forcible condensation of gas, or compression of a solid. 

101. Many meteorological phenoipena, such as clouds, 
fogs, rain, dew, &c., are caused by changes of temperature 
taking place in an atmosphere charged with moisture. We 
are now in a position to offer some explanation of them. 

The water at the surface of the earth in contact with the 
atmosphere is continually giving off vapour, but not with 
sujScient rapidity, compared with the compensating causes, to 
produce general saturation: the portion of air nearest the 
earth's surface is found at mean temperature to contain about 
half the quantity of vapour required to saturate it. It may be 
here mentioned that the ratio which the quantity of vapour 
actually present at any time in a portion of air bears to the 
quantity which would saturate it at the temperature then 
existing, is taken as the measure of the Jiygrometrical state of 
the air at that time. The instruments, of which there are 
various kinds, used for ascertaining this ratio are termed 
hygrometers. 

102. The vapour formed at the surface of the earth has 
a much less specific gravity than the air, it therefore rises 
rapidly, and becoming in consequence exposed to a diminu- 
tion of atmospheric pressure, expands ; this expansion cools 
the surrounding air, which was probably at a lower tempera- 
tnre already than that near the earth; and it thus happens 
that at a certain height the vapour is very nearly sufficient to 
produce saturation ; here, therefore, if any reduction of tem- 
perature is by any means effected, vapour must be condensed. 
Now the first form of condensation of a mass of vapour is that 
which is exhibited by steam issuing into the atmosphere and 
which makes it visible: the vapour seems to condense into 
little AoZZtn^- spheres, or vesicles, having a nucleus of air in 
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the center, which owing to the evolution of latent heat is of a 
temperature certainly not less than that which the vapour had 
previous to condensation ; each sphere, together with its in- 
cluded air, possesses a specific gravity which need not be 
greater than that of the, surrounding atmosphere, and thus the 
whole mass will float in a visible form, which we call a cloud. 

103. A still further diminution of temperature causes the 
vesicles of the clouds to collect into solid drops, which being 
necessarily of greater specific gravity than air, immediately 
fall to the surface of the earth and produce what is called 
rain. 

104. Changes of temperature of the kind here supposed 
may be often attributed to electrical causes, but generally, no 
doubt, they result from the passage of a current of hotter or 
colder air. It is possible that masses of air, each charged 
with vapour, should by meeting form a mixture, whose re- 
duced temperature would require for saturation less vapour 
than that which they all together brought with them; this 
would cause the instantaneous appearance of a cloud, and 
perhaps rain ; and would very well account for a phenomenon 
which is by no means uncommon. 

Any mechanical means which would bring a quantity of air 
already saturated into a space where a temperature lower than 
its dew-point obtains (Art. 110), would produce a manifestation 
of vapour or rain ; it thus happens that the tops of mountains 
are very generally capped with clouds ; for the currents of air 
charged with moisture, which are earned along by the winds 
nearly parallel to the surface of a level country, slide up the 
sides of any hills which they meet with, and are thus raised 
by them, as by inclined planes, into an elevation, where the 
temperature perhaps, for reasons mentioned in Art. 102, is 
always lower than it is below. 
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105. Snow results from the freezing of vapour at the 
moment of condensation, while hail proceeds from the freezing 
taking place after the drops have been formed, and during 
their passage, in falling, through a portion of air having a 
very low temperature. 

106. Fogs and mists are, only clouds in different states of 
density actually in contact with the earth's surface. 

107. DeWj and hoar frosty and night fogs are phenomena 
of the same class as the preceding: although their imme- 
diately acting cause is peculiar. They are produced by the 
earth and the objects near its surface becoming colder than 
the superincumbent air, and then acting upon it as a refrige- 
rator: the layer next the earth may thus have its temperature 
so much reduced that the vapour contained by it is too much 
for its saturation, the superfluous quantity will then be de- 
posited in the form of dew ; at the same time, a little higher 
up, the temperature may be only just low enough to exhibit the 
condensed vapour in the shape of a fog, while above this the 
air will be clear. If, again, the temperature of the earth 
under consideration be as low as freezing-point, the vapour 
will freeze upon condensation, and an effect similar to snow 
will be produced on the surface of the earth ; this is hoar 
frost. It is sufficiently apparent that the air in valleys, and 
above streams and pieces of water, will receive more vapour 
in the course of the day than that elsewhere, and will there- 
fore be the more nearly saturated ; hence it is that these places 
are the most favourable for exhibiting fogs, dews, &c. 

108. It remains now to explain how it is that the earth 
80 often becomes colder at night than the air above, and thus 
produces the effects thus described. There are three distinct 
modes in which heat may be transmitted from body to body, 
Ccndvctionj Gonvectwrij and Radiation. It is conduction when 
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the heat passes from one part of a body to another, through 
the intermediate particles, or from one body to another which 
is in contact with it : thus if one end of a metal wire be heated 
in a candle, the other will become hot by conduction ; and 
both the warmth experienced when the finger is immersed in 
boiling-water, and the cold, when it touches ice, are the effects 
of conduction ; in the first case it communicates heat from the 
water to the finger, and in the other it takes from the finger 
to give it to the ice. Some bodies are so much better con- 
ductors than others, as to produce very different sensations of 
heat upon being touched by the hand, although the real tem- 
perature of all may be the same ; all metals are so in com- 
parison with wood, &c. ; and of this fact practical use is made 
when ivory handles are attached to teapots. Silk and wool 
are well-known non-conductors, and are therefore admirably 
adapted for clothes, to prevent the animal heat firom escaping 
too rapidly. 

When any fluid, elastic or not, after receiving heat, passes 
to another place, and there gives it up again, the process of 
transmission is termed CanvecHan. 

BadicUion is of quite a different character; it is a term 
used to designate the process of interchange of heat which is 
continually going on between all substances at all distances 
from each other. Each body seems to throw out its own heat 
in all directions around itself, just as light radiates firom a lu- 
minous point, and to absorb that which comes to it in the 
same way from its neighbours. It is an ascertained fact, that 
when a portion of the surface of any body receives heat firom 
a source which is at the same temperature as itself, it absorbs 
exactly the same quantity which it radiates ; and thus when 
equilibrium of heat is once established amongst bodies sur- 
rounding each other, it will be always maintained, unless dis- 
turbed by some extraneous cause : but if the portion of radiating 
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surface be opposed to no source of heat whatever, it will lose 
all the heat which radiates from it, and the whole of the body 
of which it forms a part will cool by conduction, 

109. Our promised explanation is now easy, for it so 
happens that the radiating power diflfers extremely with dif- 
ferent substances, and that with air, as with all perfect fluids, 
it is almost zero; at the same time air presents little or no 
obstacle to the free radiatioti of heat through it : thus at night, 
when the sun and all extraneous sources of heat are temoved, 
the surface of the earth aq4 the bodies upon it will entirely 
lose just so much of their heat as radiates through the air into 
empty space, supposing no such objects as clouds, trees, &c., 

' exist in that direction to return it; they may therefore cool 
sufficiently below the temperature of the air with which they 
are in contact, to effect by conduction the results described. 

This explanation is confirmed by the extraordinary differ- 
ence in the quantity of dew which is observed to be deposited 
in the same place, upon objects of different kinds ; thus grass, 
and the leaves of most vegetables, glass, chalk, and generally 
bodies with rough or dense surfaces, all of which have a 
power of rapid radiation, will be covered with dew at a time 
when metals and many bodies with smooth surfaces lie almost 
dry by the side of them. 

110. If a solid body be introduced any where into the 
atmosphere, and if its temperature be just below that point at 
which the vapour in the atmosphere around it is sufficient to 
saturate it, some of this vapour must be deposited upon its 
surface in the form of dew. Hence if the temperature of such 
a body be observed, as it is gradually made to cool down till 
dew is seen upon it, and if also it be observed when it is 
re-heated till this dew disappears again, the real temperature 
at which the vapour in that particular part of the atmosphere 
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saturates it, and which must evidently be intermediate to these 
two, can be approximately ascertained. This temperature is 
called the dew-point (a term which we have already used) for 
that portion of atmosphere at that time, and from it can be 
obtained the actual quantity of vapour present, by the aid of 
tables which connect the saturating density of vapour with the 
corresponding temperature. • 

111. The heating or cooling of liquids is almost entirely 
eflfected \>y convection, as their conducting powers are slight. 
This has been already assumed to*be the case in the explana- 
tion given of the boiling of water, and is confirmed by the 
circumstance, that to make water boil by heating it from 
above is a process requiring much time : the upper particles 
are in this case the first to have their temperature heightened, 
and they do not then, as the lower would, under like circum- 
stances, give place to others, because their diminished specific 
gravity is a suflScient reason for their remaining where they 
are. 

When liquids cool from above, i. e, when they lose the 
heat which radiates from their upper surfaces, each layer of 
particles, as it becomes cooler than the rest, and therefore has 
its specific gravity by the contraction of its volume increased 
beyond that of the liquid below it, sinks, and is replaced by 
the adjacent portions of the same liquid, which will in turn 
undergo the same fate: thus the whole mass has its tem- 
perature uniformly reduced ; and if this reduction goes as far 
as the freezing-point, the whole will be congealed. 

If such were the result of the cooling of water, it would 
be most disastrous in the present condition of our globe : all 
aquatic life would be destroyed every time that a severe frost 
occurred, and a lake or river when once converted into solid 
ice would never melt again in our climates, for the heated 
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water resulting from the partial thawing of the surface, would 
not, for the reasons just given, convey downwards sufficient 
heat for the thawing of the remainder. Fortunately for us 
the law given above, by which water contracts, prevents these 
unpleasant consequences : after a volume of water has been 
reduced down to a uniform temperature of 40°, upon a con- 
tinuation of the cooling process, its upper particles will cease 
to descend, and will soon become a sheet of ice, which by its 
non-conducting power materially preserves the remaining 
water from the further eflfect of cold. 
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GENEEAL EXAMPLES. 



(1) A thin conical surface (weight W) just sinks to the 
surface of a fluid when immersed with its open end down- 
wards: but when immersed with its vertex downwards, a 
weight equal to mW must be placed within it to make it sink 
to the same depth as before : shew that, if a be the length of 
the axis, h the height of the column of the fluid, the weight 
of which equals the atmospheric pressure, 



a 



It is evident from the question that the weight of the fluid 
displSced in the second immersion is to the weight of that 
displaced in the first ::l-\-m:m. 

But the volume displaced in the first case is that occupied 
by the compressed air within the shell, and is therefore a 
cone whose axis may be represented by z, while that in the 
second case is the volume of the whole cone; now the volumes 
of these cones are in the ratio of the cubes of their axes; 
therefore, 

% = l + m (1). 



z 



Again, the pressure of the air compressed into the cone 
whose axis is z must balance the pressure due to the depth z 
below the surface of the fluid ; and before compression when 
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it occupied the whole volume of the cone, its pressure balanced 
a column of fluid equal to h ; therefore 



hence, substituting in (1), 

2J + A 



(2), 



= 1 + w, 



h 

or z = mh, 

a 



and therefore again from (1) t = m^l+m, 

(2) A hollow conical vessel floats in water with its ver- 
tex downwards and its base on the level of the water's 
surface: it is retained in that position by means of a cord, 
one end of which is attached to the vertex and the other to 
the center of a circular disc lying in contact with the hori- 
zontal plane upon which the water rests; given the dimen- 
sions of the cone and the depth of the water, find the smallest 
disc which will answer the purpose, neglecting the weight of 
the cord, cone, and disc. 

As there is no fluid under the disc the resultant fluid pres- 
sure upon it is the same as the total pressure upon its upper 
surface : it is therefore equal to the weight of a cylindrical 
column of the fluid having the disc for its base and the depth 
of the fluid for its height : since the horizontal plane can only 
exert a force of resistance, the smallest disc is evidently that, 
upon which this downward fluid pressure is just sufficient to 
balance the tension of the string upwards, when the cone is in 
the given state of immersion: but the force required to be 
exerted by the string in order to hold the cone in this 
position is equal and opposite to the resultant of the fluid 
pressures upon the surface of the.cone, i. e. to the weight of 
the fluid displaced by it. Hence we conclude that the smallest 
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disc required will equal the base of a cylinder of the fluid, 
whose altitude is that of the fluid and whose volume is that 
of the given cone. 

(3) Find the depth in water at which the pressure is 
140 lbs., assuming the atmospheric pressure to be 15 lbs. the 
square inch, and an inch the unit of length. 

(4) A vertical cylinder contains four cubic feet of water, 
of depth nine inches ; find the pressure in lbs. at any point 
in the base, considering four inches the unit of length, and 
assuming one cubic foot of water to weigh 1000 ozs. 

(5) A body in the form of an equilateral triangle floats 
in water ; determine the condition to be satisfied in order that 
one angular point may be in the surface of the water and the 
opposite side vertical. 

The centers of gravity of both the triangle and the fluid 
displaced by it may be easily proved to be in the same vertical 
line ; the condition referred to therefore concerns the specific 
gravities of the triangle and fluid. 

(6) A pyramid with a square base and with sides which 
are equilateral triangles is placed on a horizontal plane and 
filled with a fluid through an aperture in the vertex ; find the 
pressure on one of the sides. 

If the pyramid have no base, find its least weight con- 
sistent with its not being raised from the plane. 

(7) The surface of a man's body contains 14^ square 
feet ; find the pressure on it when at a depth of 20 fathoms in 
salt water whose specific gravity is 1.026. State also how the 
resultant of this pressure might be found. 

(8) If a cubic inch of ilistilled water weighs 253 grains, 
and the specific gravity of salt water be 1.026, what will be 



GENERAL EXAMPLES. 141 

the pressure on a square inch at a depth of 20 feet below the 
level of the sea? 

(9) The lighter of two fluids (s. g. 1:2) rests to a depth 
of four inches on the heavier, a square is immersed vertically 
with one side in the surface ; determine the side of the square 
that the pressure on the portions in the two fluids may be 
equal. 

(10) A hemispherical vessel with its base horizontal is 
filled with fluid through an orifice at its highest point ; prove 
that the whole pressure on the curved surface equals that on 
the base. 

(11) A cylindrical vessel with its axis vertical is filled 
with equal masses of two fluids which do not mix ; compare 
their densities, supposing the pressures on the upper and 
lower portions of the concave surfaces equal. 

(12) A cone with its axis vertical and base downwards is 
filled with fluid ; find the normal pressure on the curved sur- 
face, and compare it with the weight of the fluid. 

(13) A cubical box filled with a fluid of a given weight 
Wj is supported in such a position that one of its edges is 
horizontal, and that one of its sides passing through this edge 
is inclined at an angle a to the horizon ; shew that the sum 
of the pressures on the six faces is equal to 

3TF(sina + cosa). 

(14) An isosceles triangle has its vertex in the surface of 
a fluid and base parallel to it ; find the pressure and center of 
pressure. 

(15) A figure bounded by the arc of a parabola -4P, the 
tangent at the vertex ABj and the line FB parallel to the 
axis, is immersed vertically in a uniform fluid, with A in 
the surface and BP horizontal ; find the depth of the center 
of pressure. 



142 GENERAL EXAMPLES. 

(16) If the side of a rectangle be horizontal and at a 
given depth below the surface of a fluid, determine the whole 
pressure on the rectangle ; and shew that the center of pres- 
sure lies below the center of gravity of the rectangle. 

(17) A hemispherical bowl is filled with fluid, and differ- 
ent sections of it are taken through the same tangent line to 
its rim ; determine the section upon which the pressure is the 
greatest. 

(18) A portion of a paraboloid, of density p, cut off by 
a plane perpendicular to its axis, floats with its axis vertical 
in a cylinder containing two fluids, of densities p and 8p, 
which do not mix. Having given that the radius of the 
cylinder, the latus rectum, and length of axis of the para- 
boloid are all equal, find the volume of the upper fluid when 
the two ends of the axis of the paraboloid project equal 
distances above and below the surface of that fluid when there 
is equilibrium. 

(19) ABO is a right-angled triangular plate, and it floats 
with its plane vertical and the right angle C immersed in 
water ; prove that if its specific gravity be to that of water as 
2:5, and CB: (7-4 = 5:4, CB is cut by the surface of the 
water at a distance fi:om C= CA. 

(20) One end of a uniform rod is attached to a hinge 
fixed in a mass of fluid ; to the other is attached by a free 
joint the vertex of a cone which floats in the fluid. Given 
that the volume of the cone is 9 times that of the rod and the 
specific gravity of the rod 20 times that of the cone, find the 
specific gravity of the fluid in order that the cone may float 
with f of its axis immersed. 

(21) A right cylinder of radius a and height 2h floats in 
a fluid of double its density with one of its circular ends 
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entirely out of the fluid ; shew that it can rest with its axis 
inclined at a certain angle to the vertical if A > -^. 



(22) A piece of zinc (whose specific gravity is 6.9) weighs 
59 ozs. in distilled water and 61 in alcohol; find the specific 
gravity of alcohol. 

(23) A lump of metal weighs 59 ozs. in water and 61 ozs. 
in alcohol whose specific gravity is '8 ; find its weight and 
specific gravity. 

(24) A uniform cylinder when floating with its axis 
vertical in distilled water sinks to a depth of 3.2 inches, and 
when floating in alcohol sinks to a depth of 4 inches ; find the 
specific gravity of alcohol. 

(25) A vessel, of weight W times that of the cubic foot 
of water, in sailing down a river leaks V cubic feet of water, 
and is observed to be immersed to a given depth. On reaching 
the sea V cubic feet are pumped out ; and after V" cubic feet 
of sea-water have been leaked, the vessel is observed to be 
immersed at the same depth as before : find the specific gravity 
of sea-water. 

Obtain a numerical result, taking specific gravity of firesh 
water =1, weight of ship = 100 tons, F=1000, F = 500, 
V = 600. 

(26) Find the greatest amount of water displaced by the 
«r in a cylindrical diving-bell. 

Also find the interior pressure then on the upper surface of 
the belL 

(27) Given A^, A^, the heights of the barometer in a 
diving-bell before descent and at a certain depth respectively, 
find the depth. 
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(28) AsBuming that 100 cubic inches of air weigh 31.0117 
grains and a cubic foot of water weighs 1000 ozs., compare the 
specific gravities of air and water : and if 34 feet be the height 
of a column of water which the atmosphere will support, shew 
that the height of the atmosphere considered homogeneous is 
about 5 miles. 

(29) The weight of a cubic foot of water being 1000 ozs. 
and its specific gravity unity, determine the specific gravity 
of a substance whose bulk is m cubic inches and weight n ozs. 

(30) A cubic foot of water weighs 1000 ozs. ; what is the 
specific gravity of a solid of which a cubic yard weighs 
540 lbs. ? 

(31) A cube of wood floating in water descends 1 inch 
when a weight of 30 ozs. is placed on it ; find the size of the 
cube, supposing a cubic foot of water to weigh 1000 ozs. 

(32) If the specific gravity of air be «, that of water being 
1, and if TF, W be the weights of a body in air and water 
respectively, shew that its weight in vacuo will be 

W+:^(W-W'). 
\—8 ^ ' 

(33) A metal cylinder floats in mercury with one-fourth 
of its bulk above the surface ; find the specific gravity of the 
metal, that of mercury being 13.6. 

(34) A piece of wood weighs 6 lbs. in air ; a piece of lead 
which weighs 12 lbs. in water is fastened to it, and the two 
together weigh 10 lbs. in water ; find the specific gravity of 
the wood. 

(35) What weight of oil (specific gravity .75) must be 
added to a pound of fluid of specific gravity .5, that in the 
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mixture a pound of a substance of specific gravity 4 may 
weigh 13.5 ozs.? 

(36) To a piece of wood which weighs 4 ozs. in vacuo a 
piece of metal is attached whose weight in water is 3 ozs. and 
the two together are found to weigh 2 ozs. in water ; find the 
specific gravity of the wood. 

(37) A lump of silver weighs 550 grains in air and 506 
grains in water, find the specific gravity of silver, and also the 
volume of the lump, having given that the weight of a cubic 
inch of water is 250 grains. 

(38) A cubical block of marble whose edge measures 
2 feet and whose specific gravity is 2.7 has to be raised out of 
a river; determine its weight when entirely immersed, and 
also when lifted out of the water. 

(39) Two bodies A and B in air weigh 10 lbs. and 15 lbs. 
respectively; in mercury 5 alone and A and 5 together weigh 
respectively 9 lbs. and 1 lb. : what is -4's specific gravity, that 
of mercury being 13.5 ? 

(40) A cubic inch of pure gold (specific gravity 16^) is 
mixed with two cubic inches of mercury (specific gravity 13.6) ; 
find the specific gravity of the compound. 

(41) What weight of water must be added to a pound of 
fluid whose specific gravity is ^ in order that the specific 
gravity of the mixture may be f ? 

(42) The apparent weight of a sinker, in water, is four 
times the weight in vacuum of a piece of material, whose spe- 
cific gravity is required : that of the sinker and piece together 
is three times the weight. Shew that the specific of the 
material = .5. 

p. H. 10 
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(43) If the three weights used in Nicholson's Hydrometer 
be 10, 12, and 18 lbs., find the volume of the solid in inches; 
a cubic foot of the fluid weighing 1000 ozs. 

(43*) If p parts by weight of a metal whose Specific 
gravity is 5, when fused with ^' parts of a metal whose 
specific gravity is «', form an alloy whose specific gravity is 8^ 

shew that - part of the volume of the whole has been lost 

n ^ 

by condensation during the mixture where 

n 8{p3 -{-p's)' 

(44) Find A, for air, that p = kp may give the pressure 
in ounces; the barometer standing at 30 inches when the 
density of air referred to mercury is .0001 ; the unit of length 
being one inch, and a cubic foot of the standard substance 
weighing 1000 ozs. 

How will k be altered if the unit of length be increased to 
6 inches ? 

(45) p^, Pi, t^y p,, p,, t^, i>3» P3» hy are corresponding 
values of the pressure, density, and temperature of the same 
gas ; shew that 

'vp« pj 'V>8 pJ '\Pi pJ 

(46) The temperature at one place is 24^ by the centi- 
grade and at another 52° by Fahrenheit ; what is the differ- 
ence by Fahrenheit's? 

(47) What is meant by the sensibility of the thermometer? 
What degree of a centigrade corresponds to 60 of Fahrenheit, 
and what degree of Fahrenheit's to 60 of the centigrade? 

(48) Having given a certain temperature in degrees ac- 
cording to Fahrenheit's thermometer, find the number of de- 
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giees indicating it on De Lisle's thermometer, where the space 
between boiling and freezing point is divided into 150 degrees, 
and the boiling point is taken as the zero of the scale. 

(49) The point at which mercury freezes is indicated by 
the same number on the centigrade and on Fahrenheit's scale : 
determine the number. 

(50) In a vessel not quite full of water, and closed at the 
top by a flexible membrane, a small glass balloon, open at the 
lower part, contains sufficient air just to make it float : explain 
the principle upon which the balloon sinks when the mem- 
brane is pushed in. 

(51) A weightless conical shell is filled with fluid and 
suspended by its vertex from a fixed point : it is then divided 
symmetrically by a vertical plane, and kept from falling asun- 
der by a hinge at the vertex, and a ligament at the base, 
coinciding with that diameter of the base which is perpen- 
dicular to the dividing plane : determine the tension of the 
ligament. 

(52) A closed vessel is filled with water containing in it 
a piece of cork which is free to move : if the vessel be sud- 
denly moved forward by a blow, shew that the cork will shoot 
forward relatively to the water. 

(53) A piece of cork is attached by a string to the bottom 
of a bucket of water so as to be completely immersed, and 
the bucket being placed in the scale of a balance is supported 
by a weight in the other scale; if the string be cut, will the 
weight begin to rise or fall? State your reasons. 

(54) A cylindrical vessel containing fluid revolves uni- 
formly about its axis with an angular velocity a), and a solid 
cylinder of less specific gravity than that of the fluid floats in 
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it with its axis coincident with that of the revolving vessel ; 
find how deep it is immersed. 

(55) A transparent closed cylinder filled with fluid, in 
which there are extraneous particles, some lying at the bottom 
and some floating at the top, is set revolving about its axis : 
it is then observed that the floating particles all flow in 
towards the axis, while those at the bottom recede from it : 
explain this. 

(56) If a vertical cylinder containing heavy fluid revolves 
about a generating line with a uniform angular velocity, the 
depth to which the surface sinks below its original level : the 
height to which it rises above that level :: 3 : 5. 

(57) A circular tube is half full of fluid, and is made to 
revolve uniformly round a vertical tangent-line with angular 
velocity © : if a be the radius, prove that the diameter passing 
through the open surfaces of the fluid is inclined at an angle 

tan"^ — to the horizon, 
9 

(58) If a spherical envelope, of thickness k and radius r, 
be formed of a substance, which, if made into a line having 
a section jf, would bear a weight TF: find the number of 
strokes of the piston after which this envelope placed under 
the receiver of an air-pump would burst. 

(59) A vertical cylindrical vessel, closed at the base, is 
formed of staves hield together by two strings, which serve as 
hoops, and is filled with fluid ; shew that the tension of the 
upper string is to that of the lower : : A — 3a : 2A — 3a, where 
h is the altitude of the cylinder, and a the distance of the 
upper and lower strings from the top and bottom of the 
cylinder respectively. 
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(60) In the case of the previous question, how much of 
the fluid must be withdrawn from the cylinder in order that 
the tension of the upper string may vanish ? 

(61) A cylindrical boiler, the interior radius of which is 
10 inches, and the thickness ^ of an inch, is formed of a 
material such that a bar of it, one square inch in section, can 
just support a weight of 10,000 lbs. without being torn asun- 
der; find the greatest pressure which the boiler can sustain 
without bursting. 

(62) At 18^9 (centigrade) the weight of a cubic foot of 
distilled water is 997.84 ozs., and at 16^§ its weight is 998.24 
ozs. ; find the temperature at which it shall be 1000. 

(63) A cubic inch of water which weighs 252.458 grains 
will produce a cubic foot of steam at atmospheric pressure; 
find the specific gravity of steam. 

(64) A quantity of air under the pressure of m lbs. to 
the square inch, occupies n cubic inches when the temperature 
is f ; find its volume under a pressure of m' lbs. to the square 
inch when the temperature is t'^, 

(65) Having given that mlhs. of steam at the boiling- 
point, mixed with n lbs. of water at temperature ty produces 
m + n lbs. of water at the boiling-point, compare the latent 
heat of steam and the specific heat of water. 

(66) Upon what principle might the height of a moun- 
tain be approximately found by observing the temperature at 
which water boils at the top ? 

(67) A vessel contains air at atmospheric pressure ; find 
the force in pounds necessary to be applied to a piston of 
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area A in the vessel to prevent its being forced out when the 
air is heated to temperature T above what it was at first 

(68) A thermometer-tube, open at the top and filled with 
mercury, contains 1000 grains at 32° temperature ; if the tube 
be heated till its temperature is 84®, find how many grains of 
mercury will be expelled. The expansion of mercury in 
volume between 32° and 212° being .018, and the linear ex- 
pansion of glass between the same points .0008. 
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SECTION I. 

(1) 2 feet nearly. (2) 2.5 seconds. 

(3) .25 of a second. (4) .016. 



SECTION II. 

(1) P=^.r. (5) 1:2:4:5. 

(6) 35Albs. (7) 1.2 of a foot. 

(8) Half the weight of the fluid. No, the pressure on the 
table equals the whole weight of the fluid and vessel. 

(9) 3:1; the same in both cases. (10) | pound. 

(12) 156 lbs. Joz. (13) It rises oryfo of its height nearly. 

(14) 2 nearly. (19) 1:5. (20) 1:8. 

(21) 11.48 ozs. nearly. 

(23) Eatio of volumes = 19:2; ratio of weights =17:11. 

(24) 1 lb. , (25) .98. (26) .39. 
(27) 48 inches ; 10.5408 ; 236^. (29) 250 : 147. 
(32) 23:37. (34) When high. (35) 60^ 



SECTION in. 

(7) 60 lbs. (9) 5 inches. (10) 3 lbs. nearly. 

(11) J of height from base. (15) 1:1083077. 

(16) 26000 feet. (17) 20^ inches. 

(18) I that of the atmosphere. (20) 10. (21) 35 ft. nearly. 
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(22) When AB^ BC are equally inclined to the vertical. 

2(7 



(23) 28 ft. 3i in. (24) ^V^*^* (^5) Increase. 



1 

(26) The depth of the surface of the water in the hell 

— h 
:rzh\'-r— whcrc A' is the height of the water-harometer, A the 

altitude of the cylinder of water of the same weight and transverse 
section as the bell, and a the altitude of the bell. 

(27) — T— times the original quantity, where h is the height of 

the water-barometer, and d the depth of the lower rim of the bell. 

(28) Their apparent weights in the given positions must be 
equal. In the second case the water must be at the same level in 
both. 

(29) AH the air would rise in bubbles, and the bell would sink. 

(30) 2528 tons nearly. 



SECTION IV. 

(5) 15 strokes. 

(6) The string must pass round in a horizontal plane at one- 
third of the height of the prism from the base. 



GENERAL EXAMPLES. 

(3) 288 feet. (4) 7flbs. 

(5) The specific gravities must be in the ratio of 1 : 2, 

a/3 

(6) Pressure = _ x weight of fluid. The least weight of the 

pyramid « 2 . weight of fluid, 

(7) 49 tons 16 cwt. 25 lbs. 8 ozs. + pressure of atmosphere. 
The resultant pressure = the weight of water displaced. 
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(8) 62298.72 grains. (9) 2 (Vs + l) inches. 

(11) pilpallllS. 

2 

(12) Normal pressure = -: — . W where a is the semi-vertical 
^ ^ ^ sma 

angle of the cone, and W is the weight of the fluid. 

(14) For the pressure, see Art. 18. The center of pressure is 
on the bisecting line at f of its length from the vertex. 

(16) Four-fifths of ^^. 

(16) For the pressure, see Art. 18. 

(17) Inclination to horizon - 30®. 

(18) ^ the paraboloid. (20) Six times that of the cone. 
(22) .8. (23) 69 ozs. ; 6.9. (24) .8. 

W+ V 

(2^) ^+ r- v'+ r"' 

(26) The amount displaced when the upper surface is level with 
the fluid, equals the weight of water displaced. 

(27) flr(A,— A|) where <r is the specific gravity of mercury re- 
ferred to water. 

(29) 1.728 X-. (30) .32. (31) The edge = 7.2 inches. 

(33) 10.2. (34) .76. (35) Ijlb. (36) .8. 

(37) 12.25; .176 inches. (38) 850 lbs.; 1350 lbs. 

(39) 7.6. (40) 14.56. (41) 2lbs. (43) .032 feet. 

(44) 173611. i; 36 fold. (46) 23.2^ (47) 16|; 140. 

(48) — g where F denotes the number of degrees Fah- 
renheit. ' (49) -40. 

(60) The volume of air between the membrane and water is 
diminished, and therefore its pressure is increased. Hence the 
pressure throughout the fluid is increased, and therefore the volume 
of air in the glass balloon is diminished. Therefore the specific 
gravity of the balloon and included air, considered as one body, is 
increased, and, being at first just equal to, is now greater than that 
of the water, and the balloon consequently sinks. 
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(51) o — I . ?F where W\& the weight of the fluid, and a is 

the half of the vertical angle of the cone. 

(53) To descend: for, when the string is cat, the cork rises, 
and some heavier fluid takes its place ; the center of gravity of the 
bucket and its contents descends; less force therefore is called into 
action at that end of the balance than was the case when this center 
of gravity was in equilibrium ; hence the weight at the other end 
of the balance is no longer supported, and consequently begins to 
descend. 

(54) — A + 2^ . w* . ri, where Ti is thp radius, h is the height of 

the floating cylinder, and at/ are the specific gravities of the fluid 
and cylinder respectively. 

(55) Let V be the volume of one of the particles, p its density, 
p' the density of the fluid, oi the angular velocity of the cylinder, 
and r the distance of the particle from the axis. Then the particle 
will move towards the axis or recede from it, according as the 
resultant force acting on it towards the axis be greater or less than 
pv . wV. But this force equals pVwV (see Art. 67); 

therefore the particle will tend to the axis or away from it, 
according as p' > or <p ; 

t, e, the lighter particles will flow towards, whilst the heavier 
will recede from, the axis. 

(58) The number of strokes is the value of n given by the 

inequality 

( (A \*) r k 

ni-f-j-r^l ■ 2 first greater than -g-. ^, 

where A and JB are respectively the volumes of the receiver and 
piston-barrel. 

(60) To within a distance da of the bottom. 

(61) 100 lbs. per square inch. 

(62) 6.84 degrees centigrade. 
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(63) yjoo referred to water. 

(64) — {1 + a (^ - t')}n cubic inches nearly. 

latent heat of steam n , . _ . • , 

(65) 7^—r — 7—5 — J— = -(212-0 where ^ is in degrees 

^ '' specinc heat of water m^ '^ ^ 

IFahrenheit. 

(66) On the principle that the temperature at which water 
boils depends upon the atmospheric pressure, and that the one being 
given, the other is known. Thus the observed boiling temperature 
would give the height of the barometer, and thence the height of 
the mountain (Art. 40). 

(67) aT. TlA, where n is the pressure of the atmosphere in lbs. 
on the unit of area, at the temperature from which T is measured. 

(68) 5.19 grains nearly. 



THE END. 
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-ffischyluS.— iESCHYLI EUMENIDES. The Greek Text, with 
English Notes and English Verse, Translation, and an Introduction. 
By Bernard Drake, M.A., late Fellow of King's College, 
Cambridge. 8vo. 3J. 6d. 

Hie Greek text adopted in this Edition is based upon that of IVellauer, 
But advantage has beett taken of the suggestions of Hermann^ Paley^ 
Liwwoody and other commentators. In the Translation^ the simple 
character of the yEschylean dialogues has generally enabled the author 
to render them without any material deviation from the construction and 
idioms of the original Greek, 

** The Notes are judicious ^ and, a rare merit in English Notes ^ not 
too numerous or too long, A most useful feature in the work is the 
Analysis of Mullet's celebrated dissertations,^^ — British Quarterly 
Review. 

Aristotle. — an INTRODUCTION TO ARISTOTLE'S 
RHETORIC. With Analysis, Notes, and Appendices. By E. 
M. Cope, Senior Fellow and Tutor of Trinity College, Cam- 
bridge. 8va 13J. 
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The author has aimed to illustrate the general bearings and relations 
of the Art of Rhetoric in itself j as well as the special mode of treating it 
adopted by Aristotle in his peailiar system. The evidence upon obscure 
or doubtful questions connected with the subject is examined; and 
the relations which Rhetoric bears, in AristotUs view, to the kindred art 
of Logic are considered, A connected Analysis of the trecUise is given, 
sometimes in the form of paraphrase ; and a few important matters are 
separately discussed in Appendices, There is added, as a general Appendix, 
by way of specimen of the antagonistic system of Isocrates and others, a 
complete analysis of the treatise called 'Trjropixii ifphs *A\4^avdpoy, with a 
discussion of its authorship and of the probable results of its teaching, 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI 
ELENCHI. With a Translation and Notes by Edward Poste, 
M.A., Fellow of Oriel College, Oxford. 8vo. 8j. 6d. 

Besides the doctrine of Fallacies, Aristotle offers, either in this treatise 
or in other pc^sages of his works quoted in the commentary, various 
glances (wer the world of science attd opinion, various suggestions or 
problems which are still agitated, and a vivid picture of the ancient system 
of dialectics. ^^ It is not only scholarlike and careful, it is also 
perspicuous.^^ — Guardian. **// is indeed a work of great skiil,^^ — 
Saturday Review. 

Blackie.— GREEK AND ENGLISH DIALOGUES FOR USE 
IN SCHOOLS AND COLLEGES. By John Stuart Blackie, 
Professor of Greek in the University of Edinburgh. Fcap. 8vo. 
2s. 6d. 

** Why should the old practice of conversing in Latin and Greek be 
altogether discarded V* — Professor Jowett. 

Professor Blackie has been in the habit, as part of the regular 
training of his class in Edinburgh University, of accustoming the students 
to converse in Greek, This method he has found to be eminently 
successful as a itieans of furnishing the students with a copious vocabulary, 
training them to use it promptly, confidently, and with correct articulation, 
and instilling into thc?n an accurate and intelligent knowledge of Greek 
Grammar, which he hopes may aid other teacJiers in realizing iJu same 
ends. The present little volume furnishes a series of tv)enty-five gradu- 
ated dialogues in parallel columns of Greek and English on a great variety 
of interesting subjects. The author has had the advantage of submitting 
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his work to the judgment of several scholars of repute, both English and 
Scotch, The Globe says: ** Professor Blackies system is sensible; his 
book is likely to be useful to teachers of Greek; and his suggestions 
valuable to the learners of any language.^* 

Cicero.— THE second philippic oration. With an 
Introduction and Notes, translated from the German of KARL 
Halm. Edited, with Corrections and Additions, by John E. B. 
Mayor, M.A., Fellow and Classical Lecturer of St. John's 
College, Cambridge. Third Edition, revised. Fcap. 8vo. 5j'. 

This volume opens with a List of Books useful to the Student of Cicero, 
4md some account of various editions, mostly German, of the works of 
Cicero, The Introduction is based on Halm, The English editor has 
further illustrated the work by additions drawn, for the most part, 
{l) from the ancient authorities; (2) from his own private marginal 
references, and from collections; {"ii from the notes of previous com- 
mentators, A copious * argument^ is also given, ** On the whole we 
Jtave rarely met with an edition of a classical author which so thoroughly 
fulfils the requirements of a good scliool-book.^* — Educational Times. 
** A valuable edition," says the AXHENiEUM. 

THE ORATIONS OF CICERO AGAINST CATILINA. With 
Notes and an Introduction. Translated from the German of KIarl 
Halm, with many additions by A. S. Wilkins, M. A. Professpr 
of Latin in Owens College, Manchester. Fcap. 8vo. 3^. 6d. 

The historical introduction of Mr, Wilkins brings together all the 
details which are known respecting Catiline ajid his relations with 
the great orator, A list of passages where conjectures have been 
admitted ifito the text, and also of all variations from the text oj 
Kayser 1(1862), is added at the end. Finally, the English editor has 
subjoined a large nnviber of notes, both original and selected, frofn 
Curtius, Schleischer, Corssen, and other well-known critics, an analysis 
of the orations, and an index, 

Demosthenes. — demosthenes on the crown. The 

Greek Text with English Notes. By B. Drake, M. A., late Fellow 

of King's College, Cambridge. Fourth Edition, to which is 

prefixed .ESCHINES AGAINST CTESIPHON, with English 

Notes. Fcap. 8vo. 5^. , 

A 2 
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An Introduction discusses tke immediate causes of the two orations^ and 
their general charcu:ter. The Notes contain frequent references to the best 
authorities. Among the appendices at the end is a chronological table of 
the life and public career of jEschines and Demosthenes, ** A neat and 
useful edition,'* — ATHENiEUM. 

Hodgson.— MYTHOLOGY FOR LATIN VERSIFICATION. 
A brief Sketch of the Fables of the Ancients, prepared to be 
rendered into Latin Verse for Schools. By F. Hodgson, B.D., 
late Provost of Eton. New Edition, revised by F. C. Hodgson, 
M.A. i8mo. 3 J. 

The late Provost of Eton has here supplied a help to the composition of 
Latin Verse, combined with a brief introduction to Classical Mythology, 
In this new edition a few mistakes have been rectified; rules have been 
added to the Prosody ; and a more uniform system has been adopted with 
regard to the help afforded, 

Juvenal. — Thirteen Satires of JUVENAL. With a Commentary. 
By John E. B. Mayor, M.A., Kennedy Professor of Latin at 
Cambridge. Second Edition, enlarged. Vol. I. Crown 8vo. 
7j. (id. Vol. I. Parts I. and II. Crown 8vo. y. 6d. each. 

^Besides the author's own, there are various other notes, for which 
the author is indebted to Professors Munro and Conington. All the 
citations have been taken anew from the original authors, * * A painstaking 
and critical edition.^* — Spectator. **For really ripe scholarship, 
extensive acquaintance with Latin literature, and familiar knowledge 
of continental criticism, ancient and modern, it is unsurpassed among 
English editions^ — EDINBURGH Review. 

Marshall.— A TABLE OF IRREGULAR GREEK VERBS, 

classified according to the arrangement of Curtius* Greek Grammar. 
By J. M. Marshall, M. A., Fellow and late Lecturer of Brasenose 
College, Oxford ; one of the Masters in Clifton College. 8vo. 
cloth. New Edition, is. 

The system of this table has been borrowed from the excellent Greek 
Grammar of Dr, Curtius, 
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Mayor (John E. B.)— FIRST GREEK READER. Edited 
after Karl Halm, with Corrections and large Additions by John 
E. B. Mayor, M.A., Fellow and Classical Lecturer of St. John's 
College, Cambridge^ Second and Cheaper Edition. Fcap. 8vo. 
4?. 6^. 

A selection of short passages, serving to illustrate especially the Greek 
Accidence, A good deal of syntax is incidentally taught, and Mculvigand 
other books are cited, for the use of masters : dut no learner is expected to 
know more of syntax than is contained in the Notes and Vocctbulary. 
A preface ** To the Reader ^^ not only explains the aim and method of 
the volume, but cUso deeds with classical iftstruciion generally. The 
extracts are uniformly in the Attic dialect. This book may be used in 
connection with Mayor's ^"^ Greek for Beginners,** "After a careful 
examination we are inclined to consider this volume unrivalled in the 
hold which its pithy sentences are likely to take on the memory, and 
for the amount of true scholarship embodied in the annotations,** — 
Educational Times. 



Mayor (Joseph B.)— GREEK FOR BEGINNERS. By the 
Rev. J. B. Mayor, M.A., Professor of Classical Literature in 
King's College, London. Part I., with Vocabulary, is, 6d, Parts 
II. and III., with Vocabulary and Index, 3^. 6d., complete in one 
vol., fcap. 8vo. cloth, 4?. 6d, 

The distinctive method of this book consists in building up a boy's 
knowledge of Greek upon the foundation of his knowledge of English and 
Latin, instead of trusting everything to the unassisted memory. Greek 
words have been used in the earlier part of the book except such as have 
connections either in English or LcUin, Each step leads naturally on 
to its successor ; grammatical forms and rules are at once applied 
in a series of graduated exercises, accompanied by ample vocabularies. 
TIius the book serves as Grammar, Exercise book, and Vocabulary, The 
ordinary ten decleftsions are reduced to three, which correspond to the 
first three in Latin ; and the system of stems is adopted, A general 
Vocabulary, and Index of Greek words, completes the work, ** We know 
of no book of the same scope so complete in itself, or so well ccUculcUed to 
make the study of Greek interesting at the very commencement J^ — 
Standard. 
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Peilc (John, M.A.)— an INTRODUCTION TO GREEK 

AND LATIN ETYMOLOGY. By John Peile, M.A., FeUow 

and Assistant Tutor of Christ's College, Cambridge, formerly 

Teacher of Sanskrit in the University of Cambridge. New and 

Revised Edition. Crown 8vo. lar. dd. 

These Philological Lectures are the result of Notes made during the 

author's reading/or several years. These Notes were put into the shape oj 

Lectures^ delivered at Christ* s College, as one set in the *"* Intercollegiate*^ 

list. They are now printed with some additions and modifications. 

** The book may be accepted as a very valuable contribution to the science 

of language." — Saturday Review. 

Plato.— THE REPUBLIC OF PLATO. Translated into English, 

with an Analysis and Notes, by J. Ll. Davies, M. A., and D. J. 

Vaughan, M.A. Thurd Edition, with Vignette Portraits of Plato 

and Socrates, engraved by Jeens from an Antique Gem. i8mo. 

4r. 6d. 

An introductory notice supplies some account of the life of Plato, and 

the translation is preceded by an elaborate analysis, ** The translators 

have,^^ in the judgment of the Saturday Review, *^ produced a book 

which any reader, whether acquainted with the original or not, can peruse 

with pleasure as well cu profit. " 

Plautus (Ramsay).— THE mostellaria of plau- 

TUS. With Notes Critical and Explanatory, Prolegomena, and 

Excursus. By William Ramsay, M.A., formerly Professor of 

Humanity in the University of Glasgow. Edited by Professor 

George G. Ramsay, M.A., of the University of Glasgow. 

8vo. I4r. 

" TTie fruits of that exhaustive research and that ripe and well-digested 

scholarship which its author brought to bear upon everything that he 

undertook are visible throughout. It is furnished with a complete 

apparatus of prolegomena, notes, and excursus; and for the use of veteran 

scholars it probably leaves nothing to be desired,^* — PaLLMall GAZETTE. 

Potts (Alex. W., M.A.)— HINTS TOWARDS LATIN 
PROSE COMPOSITION. By Alex. W. Potts, M.A., late 
Fellow of St. John's College, Cambridge ; Assistant Master in 
Rugby School ; and Head Master of the Fettes College, Edinburgh. 
New Edition*, enlarged. Extra fcap. 8vo. cloth, y. 
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An attempt is here made to ^e students^ after they have mastered 
ordinary syntactical rules ^ some idea of the characteristics of Latin Prose 
and the means to be employed to reproduce them. Some notion of the 
treatment of the subject may be gathered from the * Contents.^ Chap. I. — 
Characteristics of Classical Latin, Hints on turning Efiglish into Latin ; 
Chap. II. — Arrangement of Words in a Sentence; Chap. III. — Unity 
in Latin Prose, Subject and Object ; Chap. IV. — On the Period in 
Latin Prose; Chap. V. — On the position of the Relative and Relative 
Clauses, The Globe characterises it as ** an admirable little book which 
tecuhers of Latin will find of very great service, " 

Roby.— A GRAMMAR OF THE LATIN LANGUAGE, from 
Plautus to Suetonius. By H. J. Roby, M. A., late Fellow of St. 
John's College, Cambridge. Part I. containing : — Book I. Sounds. 
Book II. Inflexions. Book III. Word-Formation. Appendices. 
Crown 8vo. %s, 6d, 

This work is the result of an itidependent and careful study of the 
ivriters of the strictly classical period, the period embraced betweeft the 
time of Plautus and that of Stietonius, The author's aim has been to give 
the facts of the language in as few words as possible. This is a Grammar 
strictly oftke'Lz.^n language ; not a Universal Grammar illustrated from 
Latin, nor the Latin section of a Comparative Grammar of the Lndo- 
European languages, nor a Grammar of the group of Italian dialects, of 
which Latin is one. It will be found that the arrangement of the book and 
the treatment of the various divisions differ in many respects from those of 
previous grammars. Mr, Roby has given special prominence to the treatment 
of Sounds and Word formation ; and in the First Book he has done much 
towards settling a discussion which is at present largely engaging the 
attention of scholars, viz. , the pronunciation of the classical languages. 
** The book is marked by the clear and practised insight of a master in his 
art. It is a book that would do honour to any country.''^ — Athen^euxi. 

Rust.— FIRST STEPS TO LATIN PROSE COMPOSITION. 
By the Rev. George Rust, M.A. of Pembroke College, Oxford, 
Master of the Lower School, King's College, London. New 
Edition. iSmo. \s. 6d, 

This little work consists of carefully graduated vocabularies and ex- 
ercises, so arranged as gradually to familiarise the pupil luith the elements 
of Latin Prose Composition, and fit him to commence a more advanced 
work. 
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SalluSt.— CAII SALLUSTII CRISPI CATILINA ET JUGUR- 
THA. For Use in Schools. With copious Notes. By C. 
Merivale, B.D. (In the present Edition the Notes have been 
carefully revised, and a few remarks and explanations added.) 
Second Edition. Fcap. 8vo. 41. 6d, 

This edition ofSallust^ prepared by the distinguished historian of Rome^ 
contains an Introduction^ concerning the life and works of SaJlust^ lists 
of the Consuls^ and elaborate Notes, ** A very good edition^ to which the 
Editor has not only brought scholarship but independent judgment and 
historical criticism ^ — SPECTATOR. 

The JUGURTHA and flie CATILINA may be had separately, price 
2j. dd. each. 

Tacitus.— THE HISTORY OF TACITUS TRANSLATED 
INTO ENGLISH. By A. J. Church, M.A., and W. J. 
Brodribb, M.A. With Notes and a Map. New Edition in the 
Press. 

The translators have endeavoured to adhere as closely to the original as 
was thought consistent with a proper observance of English idiom. At 
the same time^ it hcLs been their aim to reproduce the precise expressions of 
the author. The campaign of Crvilis is elucidated in a note of some lengthy 
which is illustrated by a map, containing the names of places and of tribes 
occurring in the work. There is also a complete account of the Roman army 
as it wcu constituted in the time of Tacitus, This work is characterised 
by the Spectator cls ''*' a scholarly and faithful translation,^'* 

THE AGRICOLA AND GERMANIA OF TACITUS. A Revised 
Text, English Notes, and Maps. By A. J. Church, M.A., 
and W. J. Brodribb, M.A. Fcap. 8vo. 3^. 6^. 

" We have endeavoured^ with the aid of recent editions^ thoroughly to 
elucidate the text, explaining the various difficulties , critical and gramma" 
ticaly which occur to the student. We have consulted throughout, besides 
the older commentators, the editions oj Ritter and Orelli, but we are 
under special obligations to the labours of the recent German editors, Wex 
and Kritz," Two Indexes are appended, (i) of Proper Names, (2) oj 
Words and Phrases explained. ** A model of careful editing," says the 
Athenaeum, " being at once compact, complete, and correct, as well as 
neatly printed and elegant in styled"* 
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Tacitus — contmued. 

THE AGRICOLA and GERMANIA may be had separately, price 
25, each. 

THE AGRICOLA AND GERMANIA. Translated into English 
by A. J. Church, M.A., and W. J. Brodribb, M.A. With 
Maps and Notes. Extra fcap. 8vo. 25.6d, 

The translators have sought to produce such a version as may satisfy 
scholars who demand a faithjul rendering of the original^ and English 
readers who are offended by the baldness and frigidity which commonly 
disfigure translations. The treatises are accompanied by Introductions, 
Notes, MapSy and a chronological Summary, The Athen^um says of 
this work that it is " a version at once readable and exacts which may be 
perused with pleasure by all, and consulted with advantage by the chissical 
student," 



Theophrastus. — the characters of theo- 

PHRASTUS. An English Translation from a Revised Text. 
With Introduction and Notes. By R. C. Jebb, M.A., Public 
Orator in the University of Cambridge. Extra fcap. 8vo. 6j. dd. 

The first object of this book is to make these lively pictures of old Greek 
manTters better known to English readers. But as the Editor and Trans- 
lator has been at considerable pains to procure a trustworthy text, and 
has recorded the results of his critical labours in an Introduction, Notes, 
and Appendices, it is hoped that the work ivUl prove of value even to 
the scholar. ** We must not omit to give due honour to Mr. Jebb^s trans- 
lotion, which is as good as translation can be , , , , Not less commendable 
are the execution of the Notes and the critical handling of the Text," — 
Spectator. 

The Saturday Review speaks 0/ it as '*a very handy and scholarly 
edition of a work which till now has been beset with hindrances and 
difficulties, but which Mr, Jebb^s critical skill and judgment have at 
length placed within the grasp and comprehension of ordinary readers," 

Thring.— Works by the Rev. E. THRING, M.A., Head Master 
of Uppingham School 
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Thring — continued. 

A LATIN GRADUAL. A First Latin Construing Book for 

Beginners. New Edition, enlarged, with Coloured Sentence Maps. 
Fcap. 8vo. 2s. 6(i. 

The Head Master of Uppingham has here sought to supply by easy steps 
a knowledge of grammar ^ combined with a good Vocabulary, Pcusages 
have been selected from the best Latin authors in prose and verse. These 
passages are gradually built up in their grammatical structure^ and 
finally printed in full. A short practiced manual of common mood con- 
structions, with their English equivalents^ forms a second part. To the 
New Edition a circle of grammatical Constructions with a Glossary has 
been added ; as also some coloured Sentence Maps, by means of which the 
different parts of a sentence can easily be distinguished, and the practice of 
dissKting phrases carried out with the greatest benefit to the student. 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap.Svo. \s. 6d. 

Treats of the ordinary mood constructions, cu found in the Latin, Greek, 
and English languages. The Educational Times thinks it **very 
wdl suited to young students. " 

A CONSTRUING BOOK. Fcap. 8vo. 2s. 6d. ] 

ThucydideS. — THE SICILIAN EXPEDITION. Being Books 
VL and VII. of Thucydides, with Notes. A New Edition, revised 
and enlarged, with a Map. By the Rev. Percival Frost, M. A., 
late Fellow of St. John's College, Cambridge. Fcap. 8vo. 5^. 

This edition is mainly a grammatical one. Attention is called to the 

force of compound verbs, and the exact meaning of the various tenses 

^employed. ** The notes are excellent of their kind. Mr. Frost seldom 

passes aver a difficulty, and what he says is always to the point,** — 

Educational Times. 

VirgiL— THE WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Notes, Introductions, Running Analysis, 
and an Index, by James Lonsdale, M.A. and Samuel Lee, 
M.A. Second Edition. Globe Svo. 3^. 6d. ; gilt edges, 4-r. 6d. 

The original has been faithfully rendered, and paraphrase altogether 
avoided. At the same time, the translators have endeavoured to adapt 
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Virgil — continued, 

the book to the use of the English reader. Some amount of rhythm in 
the structure of the sentence has been generally maintained ; and, wheft in 
the Latin the sound of the words is an echo to the sense {as so frequently 
happens in Virgil), an attempt has been made to produce the same result 
in English, The general introduction contains whatever is known of 
the poefs life, an estimate of his genius, an account of the principal 
editions and translations of his works, and a brief view of the influence 
he has had on modern poets ; special introductory essays are prefixed 
to the * * Eclogues, " * * Georgics, " and * ^Mneid. " The text is divided into 
sections, each of which is headed by a concise analysis of the subject ; 
the Index contains references to all the characters and events of any 
importance. " A more complete edition of Virgil in English it is scarcely 
possible to conceive than the scholarly work before us." — Globe. 

Wright. — Works by J. WRIGHT, M.A.,;iate Head Master of 
Sutton Coldfield School 

HELLENICA ; OR, A HISTORY OF GREECE IN GREEK, as 
related by Diodorus and Thucydides ; being a First Greek Reading 
Book, with explanatory Notes, Critical and Historical Third 
Edition, with a Vocabulary. i2mo. 3^. 6d, 

In the last twenty chapters of this volume, Thucydides sketches the rise 
and progress of the Athenian Empire in so clear a style and in such simple 
language, that the editor has doubts whether any easier or more instruc- 
tive passages can be selected for the use of the pupil who is commencing 
Greek. This book includes a chronological table of the events recorded. 
The Guardian speaks of the work as ^^ a good plan well executed.'^'* 

A HELP TO LATIN GRAMMAR ; or, The Form and Use of Words 
in Latin, with Progressive Exercises. Crown 8vo. 4?. 6^. 

This book is not intended as a rival to any of the excellent Grammars 
now in use ; but as a help to enable the beginner to understand them, 

THE SEVEN KINGS OF ROME. An Easy Narrative, abridged 
from the First Book of Livy by the omission of Difficult Passages ; 
being a First Latin Reading Book, with Grammatical Notes. 
New and revised Edition. Fcap. 8vo. 3X. With Vocabulary, 
3^. 6d. 
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Wright — continued. 

This work is intended to supply the pupil with an easy construing book^ 
which may at the same time be made the vehicle for instructing him in the 
rules of grammar and principles of composition. The notes profess to 
teach what is commonly taught in grammars. It is conceived that the 
pupil will learn the rules of construction of the language much more 
ecuily from separate examples, which are pointed out to him in the course 
of his readings and which he may himself set down in his note-book after 
some scheme of his own^ than from a heap of quotations amassed for him 
by others. ** The Notes are abundant, explicit, and full of such grammatical 
and other information as boys require." — ATHENiEUM. ** This is 
really,^* the MORNING Post says, *^what its title imports, and we 
.bdieve thai its general introduction into Grammar Schools would not 
only facilitate the progress of the boys beginning to learn Latin, but 
also relieve the Masters from a very considerable amount of irksome labour 
, , , a really valuable addition to our school libraries," 

FIRST LATIN STEPS; OR, AN INTRODUCTION BY A 
SERIES OF EXAMPLES TO THE STUDY OF THE 
LATIN LANGUAGE. Crown 8vo. 5^. 

The following points in the plan of the work may be noted: — i. 
The pupil has to deal with only one construction at a time, 2. This 
construction is made clear to him by an accumulation of insiaiues. 
3. As all the constructions are classified as they occur, the construction 
in each sentence can be easily referred to its class, 4. As the author 
thinks the pupil ought to be thoroughly familiarized, by a repetition 
of instances, with a construction in a foreign language, before he at- 
tempts himself to render it in that language, the present volume contains 
only Latin sentences, 5. The author has added to the Rules on Prosody 
in the last chapter, a few familiar lines from Ovid^s Fctsti by way 
of illustration. In a brief Introduction the author states the rationale 
of the principal points of Latin Grammar. Copious Notes are appended, 
to which reference is made in the text. From the clear and rational 
method adopted in the arrangement of this elementary work, from the 
simple way in which the various rules are conveyed, and from the abun- 
dance of examples given, both teachers and pupils will find it a valuable 
help to the learning of Latin, 
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CLASSIC VERSIONS OF ENGLISH BOOKS 

AND LATIN HYMNS. 

■ 

• 

The following works are, as the heading indicates, classic 
renderings of English Books. For scholars, and parti- 
cularly for writers of Latin Verse, the series has a special 
value. The Hymni Ecclesice are here inserted, as partly 
falling under the same class. 

Church (A. J., A.M.)--H0R^ TENNYSONIANiE. sive 
Eclogae e Tennysono. Latine redditae. Cura A. J. Church, 
A.M. Extra fcap. 8vo, 6j. 

Latin versions of Selections from Tennyson. Among the authors are 
the Editor, the late Professor Conington, Professor Seeley, Dr. Hessey, 
Mr. Kebbel, and other gentlemen. 

Latham.— SERTUM SHAKSPERIANUM, Subnexis aliquot 
aliunde excerptis floribus. Latine reddidit Rev. H. Latham, M. A. 
Extra fcap. 8vo. 5^. 

Besides versions of Shakespeare this volume contains, among other pieces, 
Gray's *' Elegy," CampbeWs '' ffohenlinden," Wolfe's'* Burial of Sir 
John Moore,'' and selections from Cowper and George Herbert. 

Lyttelton.— THE COMUS OF MILTON, rendered into Greek 
Verse. By Lord Lyttelton. Extra fcap. 8vo. 5j. 

THE SAMSON AGONISTES OF MILTON, rendered into Greek 
Verse. By Lord Lyttelton. Extra fcap. 8vo. 6s. 6d. 
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Merivale.— KEATS' Hyperion, rendered into Latin Verse. 
By C. Merivale, B.D. Second Edit. Extra fcap. 8vo. y.dd. 

Newman. — IIYMNI ECCLESI^. Edited by the Rev. Dr. 
Newmax. Extra fcap. 8vo. yj. dd. 

Hymns of the Meduci'al Church. The first Part contains selections 
from the Pa'risian Brrciary ; the second from those of Rome, Salisbwy, 
and York. 

Trench (Archbishop). — SACRED LATIN rOETRY, 

chiefly Lyrical, selected and arranged for Use ; with Notes and 
Introduction. Fcap. 8vo. 7j. 

In this ivorh the editor has selected hymns of a catholic religious 
sentiment that ai'c common to Chiistendomf while rejecting those of a 
distinctively Romish character. 
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Airy. — Works by Sir G. B. AIRY, K.C.B., Astronomer Royal :— 

ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities, With Diagrams. Crown 8vo. cloth. 5j. dd. 

It is hoped that the methods of solution here explained^ and the instances 
£xhibitedf will befotind sufficient for application to nearly all the important 
problems of Physical Science, which require for their complete investigation 
the aid of Partial Differential Equations, 

ON THE ALGEBRAICAL AND NUMERICAL THEORY OF 
ERRORS OF OBSERVATIONS AND THE COMBINA- 
TION OF OBSERVATIONS. Crown 8vo. cloth, ts. td. 

In order to spare astronomers and observers in natural philosophy the 
confusion aiuiloss of time which are produced by referring to the ordinary 
treatises efnbracing both branches of probabilities {the first reletting to 
chances which can be altered only by the changes of entire units or in' 
tegral multiples of units in the fundamental conditions of the problem ; 
the other concerning those chances which have respect to insensible grada' 
tiofts in the value of the element measured), the present tract has been drawn 
up. It relates only to errors of observation^ atui to the rules, derivable 
from the consideration of these errors, for the combincUion of the results 
of observations. 
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sentiment that are common to Christendom, while rejecting those of a 
distinctively Romish character. 
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Airy. — Works by Sir G. B. AIRY, K.C.B., Astronomer Roy^l :— 

ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities, With Diagrams. Crown 8vo. cloth. 5j. (^d. 

It is hoped that the methods of solution here explained^ and the instances 
exhibited^ will be found sufficient for application to nearly all the important 
problems of Physical Science, which r^uirefor their complete irwestigcUion 
the aid of Partial Differential Equations, 

ON THE ALGEBRAICAL AND NUMERICAL THEORY OF 
ERRORS OF OBSERVATIONS AND THE COMBINA- 
TION OF OBSERVATIONS. Crown 8vo. cloth. 6^. dd. 

In order to spare astronomers and observers in natural philosophy the 
confusion and loss of time which are produced by referring to the ordinary 
treatises efnbracing both branches of probabilities (the first relating to 
chances which can be altered only by the changes of entire units or in' 
tegral multiples of units in the fundamental conditions of the problem ; 
the other concerning those chances which have respect to insensible grcula' 
tions in the value of the element measured) , the present tract has been drawn 
up. It relates only to errors of observation, atui to the rules, derivable 
from the consideration of these errors, for the combination of the results 
of observations. 
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at Cambridge. About four hundred examples were added to the second 
edition, mainly collected from the Examination Papers of the last ten 
years. In this edition several new articles have ban added, the exaniples 
have been largely increased, and a series of Examination Papers appended. 

* 

Blackburn (Hugh).— elements OF PLANE 

TRIGONOMETRY, for the use of the Junior Class of Mathematics 
in the University of Glasgow. By Hugh Blackburn, M.A., 
Professor of Mathematics in the University of Glasgow. Glohc 
8vo. is. 6d. 

The author having felt the want of a short treatise to be used as a 
Text-Book after the Sixth Book of Euclid had been learned and some 
knowledge of Algebra acquired, which should contain satisfactory de- 
monstrations of the propositions to be used in teaching yunior Students 
the solution of Triangles, and should at the same time lay a solid 
foundation for the study of Analytical Trigonometry, thinking that 
others may have felt the same want, has attempted to supply it by the 
publication of this little work, 

Boole. — Works by G. BOOLE, D.C.L., F.R.S., Professor of 
Mathematics in the Queen's University, Ireland. 

A TREATISE ON DIFFERENTIAL EQUATIONS. New and 
Revised Edition. Edited by I. Todhunter. Crown 8vo. doth. 

Professor Boole hc^ endecnfoured in this trecUise to convey as complete an 
acc(mnt of the present state of knowledge on the subject of DiffcrentieU Equa- 
tions cu was cofisistent with the idea of a work intended, primarily, for 
elementary instruction. The earlier sections of ec^h chapter contain that 
kind of matter which has usually been thought suitable for the beginner, 
while the latter ones are devoted either to an account of recent discovery, or 
the discussion of such deeper questions of principle as are likely to present 
themselves to the reflective student in connection with the methods and 
processes of his previous course. " A trecUise incomparably superior to 
any other elementary book on the same subject with which we are 
acquainted." — Philosophical Magazine. 

A TREATISE ON DIFFERENTIAL EQUATIONS. Supple- 
mentary Volume. Edited by I. Todhunter. Crown ^vo. cloth. 
8j. dd. 
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Boole — continued. 

This volunu contains all that Professor Boole wrote for the purpose r/ 
enlarging his treatise on Differential Equations. 

THE CALCULUS OF FINITE DIFFERENCES. Crown 8vo. 
doth. los. 6d. New Edition, revised by J. F. Moulton. 

In this exposition of the Calculus of Finite Differences ^ particular 
attention has been paid to the connection of its methods with those of the 
Differential Calculus — a connection wlUch in some instances involves far 
more than a merely formal analogy. The work is in some measure 
desigTied as a sequel to Professor Boolis Treatise on Differential Equa- 
tions. ^^ As an original book by one of the first mathematicians of the 
age, it is out of all comparison with the mere second-hand compilations 
which have hitherto been alone accessible to the sttuUnt" — PHILOSOPHICAL 
Magazine. 

Brook -Smith (J.)— ARITHMETIC IN THEORY AND 
PRACTICE. By J. Brook-Smith, M.A., LL.B., St John's 
College, Cambridge ; Barrister-at-Law ; one of the Masters of 
Cheltenham College. Complete, Crown 8vo. 4F. td. Part I. 
31. (id. 

Writers on Arithmetic at the present day feel the necessity of explaining the 
principles on which the rules of the subject are based, but few as yet feel the 
necessity of making these explanations strict and complete. If the science 
of Arithmetic is to be made an effective instrument in developing and 
strengthening the mental powers, it ought to be worked out rationally and 
conclusively ; and in this work the author has endeavoured to reason out 
in a clear and accurate manner the lecuiing Repositions of the science, and 
to illustrate and apply those propositions in practice. In the practical 
part of the subject he has advanced somewhat beyond the majority of 
preceding writers; particularly in Division, in Greatest Common 
Measure, in Cube Root, in the Cheaters on Decimal Money and the 
Metric System, and more especially in the application of Decimals to 
Percentages and cognate subjects. Copious examples, original and selected, 
are given. ** This strikes us as a valuable Manual of Arithmetic of the 
Scientific kind. Indeed, this really appears to us the best we have seen,^"* 
— LiTBRARY Churchman. " This is an essentially practical hook, 
providing very definite help to candidates for almost every kind of com- 
petitvve examination,"^BKniSH QuARTJiRLY. 

B 2 
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Cambridge Senate-House Problems and Riders, 

WITH SOLUTIONS :— 

1848-1851.— PROBLEMS. By Ferrers and Jackson. 8vo. 
cloth. 15^. 6d, 

1848-1851.— RIDERS. By Jameson. 8vo. doth. ^s.6d, 

1854. — PROBLEMS AND RIDERS. By Walton and 
Mackenzie. 8vo. cloth. loj. 6d. 

1857. — PROBLEMS AND RIDERS. By Campion and 
Walton. 8vo. cloth. 8j. 6d. 

i860.— PROBLEMS AND RIDERS. By Watson and RouTH. 
Crown 8vo. cloth. 7^. 6d. 

1864.— PROBLEMS AND RIDERS. By Walton and Wil- 
kinson. 8vo. cloth. loj. 6d. 

These volumes tmll be found of great value to Teachers and Students^ as 
indicating the style and range of mathematical study in the University of 
Cambridge, 

CAMBRIDGE COURSE OF ELEMENTARY NATURAL 
PHILOSOPHY, for the Degree of B. A. Originally compiled by 
J. C. Snowball, M.A., late Fellow of St John's College. 
Fifth Edition, revised and enlarged, and adapted for the Middle- 
Class Examinations by Thomas Lund, B.D., Late Fellow and 
Lecturer of St John's College, Editor of Wood's Algebra, &c. 
Crown 8vo. cloth. 5^. 

This work will be found adapted to the wants y not only of University 
Students^ but also of many others who require a short course of Mechanics 
and Hydrostatics, and especially of the candidates at our Middle Class 
Examinations, At the end of each chapter a series of easy questions is 
added for the exercise of the student, 

CAMBRIDGE AND DUBLIN MATHEMATICAL JOURNAL. 
The Complete Work, in Nine Vols. 8vo. cloth. 7/. 4^. 

Only a few copies remain on hand. Among Contributors to this 
work will be found Sir W, Thomson, Stokes, Adams, Boole, Sir W. R, 
Hamilton, De Morgan, Cayley, Sylvester, Jellett, and other distinguished 
mathematicians, 

Candler.— HELP TO arithmetic. Designed for the use of 
Schools. By H. Candler, M.A., Mathematical Master of 
Uppingham School. Extra fcap. 8vo. 2J. dd. 
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This work is intended as a companion to any text-book that may be 
in use, ** 734^ main difficulties which boys experience in the different 
rules are skilfully dealt with and removed" — Museum. 

Cheyne.— Works by C. H. H. CHEYNE, M.A., F.R.A.S. 

AN ELEMENTARY TREATISE ON THE PLANETARY 
. THEORY. With a CoUection of Problems. Second Edition. 
Crown 8vo. cloth. 6j. dd. 

In this volume an attempt has been made to produce a treatise on the 
Planetary theory ^ which, being elementary in character, should be so far 
complete as to contain all that is usually required by students in the 
University of Cambridge, In the New Edition the work has been carefully 
revised. The stability of the Planetary System has been more fully treated, 
and an elegant geometrical explanation of the formula for the secular 
variation of the node and inclination has been introduced, 

THE EARTH'S MOTION OF ROTATION. Crown 8vo. 
3J. 6d, 

The first part of this work consists of an application of the method of the 
variation of elements to the general problem of rotation. In the second 
part the general rotation formulce are applied to the particular case of 
the earth, 

Childe. — THE SINGULAR PROPERTIES OF THE ELLIP- 
SOID AND ASSOCIATED SURFACES OF THE Nth 
DEGREE. By the Rev. G. F. Childe, M.A., Author of 
" Ray Surfaces," " Related Caustics," &c. 8vo. los, 6d. 

The object of this volume is to develop peculiarities in the Ellipsoid ; 
and, further, to establish analogous properties in the unlimited congeneric 
series of which this remarkable surface is a constituent, 

Christie. — a COLLECTION OF ELEMENTARY TEST- 
QUESTIONS IN PURE AND MIXED MATHEMATICS ; 
with Answers and Appendices on Synthetic Division, and on the 
Solution of Numerical Equations by Homer's Method. 3y James 
R. Christie, F.R.S., late First Mathematical Master at the 
Royal Military Academy, Woolwich. Crown 8vo. cloth. 8j. dd. 

This series of Mathematical Exercises is collected from those which the 
author has, from time to time, proposed for solution by his pupils during 



2 2 EDUCATIONAL BOOKS. 



a long career at the Royal Military Academy. A student who finds 
thai he is able to solve the larger portion of these Exercises^ may consider 
that he is thoroughly wdl grounded in the elementary principies of pure 
and mixed Mathematics. 

Dalton-— ARITHMETICAL EXAMPLES. Progressively 
arranged, with Exercises and Examination Papers. By the Rev. 
T. Dalton, M.A., Assistant Master of Eton College. New 
Edition. i8mo. doth. 2s. 6d, Answers to the Examples are 
appended. 

Day .— PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part I., THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A., Head Master of 
Sedburgh Grammar School. Crown 8vo. 3^. 6d. 

The object of this book is the introduction of a treatment of Conic 
Sections which should be simple and natural^ and lead by an easy transit 
tion to the analytical methods, without departing from the strict geonutry 
of Euclid. 

DodgSOn. — AN ELEMENTARY TREATISE ON DETER- 
MINANTS, with their Application to Simultaneous Linear 
Equations and Algebraical Geometry. By Charles L. Dodgson, 
M.A., Student and Mathematical Lecturer of Christ Church, 
Oxford. Small 4to. cloth, los, 6d. 

The object of the author is to present the subject as a continuous chain of 
argument, separated from cUl accessories of explanation or illustration. 
All such explanation and illustration as seemed necessary for a beginner 
are introduced, either in the form of foot-notes , or, where that would haa/e 
occupied too much room, of Appendices, ** The work^^ says the 
Educational Times, ^^ forms a vaiuctble addition to the treatises we 
possess on Modern Algebra,^^ 

Drew.— .GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M. A., St John's Collie, Cambridge. 
Fourth Edition. Crown 8vo. cloth. 4?. dd. 

In this work the subject of Conic Sections has been placed before the student 
in stech a form that, it is hoped, after mastering the elements of Euclid, he 
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may find it an easy and interesting continuation of his geometrical studies. 
With a vieWf also, of rendering the work a complete manual of what is 
required at the Universities^ there have either been embodied into the text or 
inserted among the examples^ every book-work question^ problem^ and rider y 
which has been proposed in the Camhridge examinations up to the present 
time, 

SOLUTIONS TO THE PROBLEMS IN DREWS CONIC 
SECTIONS. Crown 8vo. cloth. 4r. dd, 

Earnshaw (S.) — partial differential equa- 
tions. An Essay towards an entirely New Method of Inte- 
grating them. By S. Earnshaw, M.A., St. John's College, 
Cambridge. Crown 8vo. 5^. 

The peculiarity of the system expounded in this work is^ that in every 
equation^ whatever be the number of original independent variables ^ the work 
of integration is at once reduced to the use of one independent variable 
only. The author's object is merely to render his method thoroughly intel- 
ligible. The various steps of the investigation are all obedient to one 
general principle y and though in some degree novely are not really difficult , 
but on the contrary easy when the eye has become accustomed to the novelties 
of the notation. Many of the results of the integrations are far more 
general than they were in the shape in which they have appeared informer 
treatises^ and many Equations zvHl be found in this Essay integrated 
with ease infinite terms which were never so integrated before. 

Edgar (J. H.) and Pritchard (G. S.)— NOTE-BOOK ON 

PRACTICAL SOLID OR DESCRIPTIVE GEOMETRY. 
Containing Problems with help for Solutions. By J. H. Edgar, 
M.A., Lecturer on Mechanical Drawing at the Royal School of 
Mines, and G. S. Pritchard, late Master for Descriptive 
Geometry, Royal Military Academy, Woolwich. Second Edition, 
revised and enlarged. Globe 8vo. 3^. 

In teaching a large class, if the method of lecturing and demonstrating 

from the black board only is pursued, the more intelligent students liave 

generally to be kept bctck, from the necessity of fr^uent repetition, for the 

sake of the less promising; if the plan of setting problems to eaeh pupil is 

adopted, the teacher finds a difficulty in giving to each sufficient ottenHon. 
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A judicious combination of both methods is doubtless the best ; and it is 
hoped that this result may be arrived at in some degree by the use of this 
book, which is simply a collection of examples^ with helps for solution, 
arranged in progressive sections. The neiu edition has been enlarged by the 
cuidition of chapters on the straight line and plane, ttnth explanatory dia- 
grams and exercises on tangent planes, and on the cases of the spherical 
triangle, 

Ferrers.— AN ELEMENTARY TREATISE ON TRILINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and the 
Theory of Projectors. By the Rev. N. M. Ferrers, M. A., Fellow 
and Tutor of Gonville and Caius College, Cambridge. Second 
Edition. Crown 8vo. 6s. 6d. 

77te object of the author in tvriting on this subject has mainly b^n to 
place it on a bcuis altogether independent of the ordinary Cartesian system, 
instead oj regarding it as only a special form of Abridged Notation, 
A short chapter on Determinants has been introduced. 

Frost. — Works by PERCIVAL FROST, M.A., formerly Fellow 
of St. John's College, Cambridge ; Mathematical Lecturer of 
King's College. 

AN ELEMENTARY TREATISE ON CURVE TRACING. By 
Percival Frost, M.A. 8vo. \2s. 

The author has written this book utider the conviction that the skill 
and power of the young mathematical student, tn order to be thoroughly 
available afterwards, ought to be developed in all possible directions. The 
subject which he has choseti presents so many faces, that it would be 
difficult to find another which, zuith a very limited extent of reading, 
combines, to the same extent, so many valuable hints of methods of cal- 
culations to be employed hereajter, with so much pleasure in its present 
use. In order to understand the work it is not necessary to have mtuh 
knowledge of what is called Higher Algebra, nor of Algebraical Geometry 
of a higher kind than that which simply relates to the Conic Sections. 
From the study of a work like this, it is believed that the student will 
derive many advantages. Especially he will become skillal in making 
correct approximations to the values of quantities, which cannot be found 
exactly, to any degree of accuracy which may be required. 
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THE FIRST THREE SECTIONS OF NEWTON'S PRINCIPIA. 
With Notes and Illustrations. Also a collection of Problems, 
principally intended as Examples of Newton's Methods. By 
Percival Frost, M.A. Second Edition. 8vo. cloth. \os, 6d, 

The author's principal intention is to explain difficulties which may be 
encountered by the student on first reading the Principia, and to illustrate 
the advantages of a careful study of the methods employed by Newton^ by 
showing the extent to which they may be applied in the solution of problems ; 
he has also endeavoured to give assistance to the student who is engaged in 
the study of the higher branches of mathematics^ by representing in a 
geometrical form several of the processes employed in the Differential and 
Integral Calculus^ and in the analytical investigations of Dynamics. 

Frost and Wolstenholme. — a TREATISE ON SOLID 

GEOMETRY. By Percival Frost, M.A. , and the Rev. J. 
Wolstenholme, M.A., Fellow and Assistant Tutor of Christ's 
College. 8vo. cloth. \%s. 

The authors have endeavoured to present before students as comprehensive 
a view of the subject as possible. Intending to make the subject accessible, 
at lectst in the earlier portion, to all classes of students^ they have endea- 
voured to explain completely all the processes which are most useful in 
dealing with ordinary theorems and problems, thus directing the student 
to the selection of methods which are best adapted to the exigencies of each 
problem. In the more difficult portions of the subject, they have considered 
themselves to be addressing a higher class of students ; and they have there 
tried to lay a good foundation on which to build, if any reader should 
wish to pursue the science beyond the limits to which the work extends, 

Godfray. — Works by HUGH GODFRAY, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Use of Colleges and 
Schools. 8vo. cloth. 12s. 6d. 

This book embraces all those branches of Astronomy which have, from 
time to time, been recommended by the Cambridge Board of Mathematical 
Studies : but by far the larger and easier portion, adapted to the first three 
days of the Examination for Honours, mav be read by the more 
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G o dfray — contimied. 

advanced pupils in many of our schools. The authtn^s aim has been to 
convey clear and distinct ideas of the celestial phenomena. ^^ It is a 
working book" says the GUARDIAN, *^ taking Astronomy in its proper 
place in mathematiccU sciences. . . . Itis a book which is not likely to 
be got up unintelligcntly." 

AN ELEMENTARY TREATISE ON THE LUNAR THEORY, 
with a Brief Sketch of the Problem up to the time of Newton. 
Second Edition, revised. Crown 8vo. cloth. 5^. 6d, 

These pages will, it is hoped, form an introduction to more recondite 
works. Difficulties have been discussed at considerable length. The 
selection of the method followed with regard to analytical solutions, 
which is the sa?ne as that of Airy, Herschel, &^c, was made on account 
of its simplicity ; it is, moreover, the method which hcts obtain^ in the 
University of Cambridge, ** As an elementary treatise and introduction 
to the subject, we think it may justly claim to supersede all former ones." — 
London, Edin. and Dublin Phil. Magazine. 

Hemming.— AN elementary treatise on the 

DIFFERENTIAL AND INTEGRAL CALCULUS, for the 
Use of Colleges and Schools. By G. W. Hemming, M.A., 
Fellow of St. John's College, Cambridge. Second Edition, with 
Corrections and Additions. Svo. cloth. 2s. 

" There is no book in common use from which so clear and exact a 
knowledge of the principles of the Calculus can be so readily obtained.** — 
Literary Gazette. 

Jackson.— GEOMETRICAL CONIC SECTIONS. An Elemen- 
tary Treatise in which the Conic Sections are defined as the Plane 
Sections of a Cone, and treated by the Method of Projection. 
By J. Stuart Jackson, M.A., late Fellow of Gonville and Caius 
College, Cambridge. 4r. dd. 

This work has been written with a view to give the student the benefit of 

the Method of Projections as applied to the Ellipse and Hyperbola. 

When this Method is admitted into the treatment of the Conic Sections, 

there are many reasons why they should be defined, not with reference to 

the focus and direction, but according to the original definition from which 
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M<?>' i^^z/^ /i^«V name as plane sections of a cone. This method is calcu- 
lated to produce a material simplification in these curves^ and to make the 
proof of their properties more easily understood and remembered. It is also 
a powerful instrument in the solution of a large class of problems relating 
to these cu7'ves. 



Jellet (John H.)— a treatise on the theory of 

FRICTION. By John H. Jellet, B.D., Senior FeUow of 
Trinity College, Dublin ; President of the Royal Irish Academy, 
8vo. Sj. dd. 

The theory of friction is as truly a part of Rational Mechanics as the 
theory of gravitation. This book is taken up with a special investigation 
of the laws of friction ; and some of the principles contained in it are 
believed to be hcj'e enunciated for the first time. The work consists of eight 
Chapters as follows : — I, Definitions and Principles, II, Equilibrium 
with Friction, ; ///. Extreme Positions of Equilibrium, IV, Movement 
of a Particle or System of Particles, V. Motion of a Solid Body. VI, 
Necessary and Possible Equilibrium, VII. Determination of the Actual 
Valu£ of the Acting Force of Friction. VIII. Miscellaneous Problems — 
I. Problem of the Top. 2. Friction Wheels and Locomotives, 3. 
Questions for Exercise. ** The work is one of great research^ and will 
add much to the already great reputation of its author," — SCOTSMAN. 



Jones and Cheyne. — ALGEBRAICAL EXERCISES. Pro- 
gressively arranged. By the Rev. C. A. Jones, M. A., and C. H. 
Cheyne, M.A., F. R. A. S., Mathematical Masters of Westminster 
SchooL New Edition. iSmo. cloth, zs, 6d. 

This little book is intended to meet a difficulty which is probably felt more 
or less by all engaged in teaching Algebra to beginners. It isy that while 
new ideas are being acquired, old ones are forgotten. In the belief that 
constant practice is the only remedy for this, the present series of miscel- 
laneous exercises has been prepared. Their peculiarity consists in this, 
that though miscellaneous they are yet progressive, attd may be used by 
the pupil almost from the commencement of his studies. The book 
being intended chiefly for Schools and Junior Students, the higher parts 
of Algebra have not been included* 
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Kitchener.— A GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the Study 
of Geometry. For the Use of Schools. By F. E. Kitchener, 
M. A., Mathematical Master at Rugby. New Edition. 4to. 2j. 

// is the object of this book to make some way in overcoming the difficulties 
of Geometrical conception^ before the mind is called to the attack oj 
Geometrical theorems. A few simple methods of construction are given ; 
and space is left on each page, in order that the learner may draw in the 
figures. 

Morgan.— A COLLECTION OF PROBLEMS AND EXAM- 
PLES IN MATHEMATICS. With Answers. By H. A. 
Morgan, M.A., Sadlerian and Mathematical Lecturer of Jesus 
College, Cambridge. Crown 8vo. cloth. 6s. 6d. 

This book contains a number of problems, chiefly elementary, in the 
Mathemcttical subjects usually read at Cambridge. They have been 
selected from the papers set during late years at Jesus College, Very few 
of them are to be met with in other collections, and by far the larger 
number are due to some of the most distinguished Mathematicians in the 
Unvversity. 

Newton's PRINCIPIA. Edited by Professor Sir W. Thomson 
and Professor Blackburn. 4to. cloth. 31J. dd. 

It is a sufficient guarantee of the excellence of this complete edition of 
Newton^ Principia that it has been printed for and under the care of Pro^ 
fessor Sir William Thomson and Professor Blackburn^ of Glasgow Uni- 
versity. The following notice is prefixed : — * * Finding that all the editions 
of the Principia are now out of print, we Jiave been induced to reprint 
NtfwtorCs last edition \pf 1 726] without note or comment, only introducing 
the ^Corrigenda' of the old copy and correcting typographical errors.'* 
The book is of a handsome size, with large type, fine thick paper, and cleanly 
cut figures, and is the only modern edition containing tJie whole of Newton's 
grecU work. " Undoubtedly the finest edition of the text of the * Principia ' 
which has hitherto appeared.''— EDUCATIONAL Times. 

Parkinson.— Works by S. Parkinson, D.D., F.R.S., Fellow and 
Tutor of St John's College, Cambridge. 
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AN ELEMENTARY TREATISE ON MECHANICS. For the 

Use of the Junior Classes at the University and the Higher Classes 
in Schools. With a Collection of Examples. Fourth edition, revised. 
Crown 8vo. cloth. 9^-. (yd. 

In preparing this work ike author's object has been to include in it 
such portions of Theoretical Mechanics cts can be conveniently investigated 
without the use of the Differential Calculus^ and so render it suitable as 
a manual for the junior classes in the University and the higher classes 
in Schools. With one or two short exceptions, the student is not presumed 
to require a knowledge of any branches of Maihefuatics beyond the elements 
of Algebra, Geometry, and Trigonometry. Several additional propositions 
have been incorporated in the work for the purpose of rendering it more 
complete; and the collection of Examples and Problems has been largely 
increased. 

A TREATISE ON OPTICS. Third Edition, revised and enlarged. 
Crown 8vo. cloth. 10^. 6d. 

A collection of examples and problems has been appended to this work, 
which are sufficiently numerous and varied in character to afford useful 
exercise for the student. For the greater part of them, recourse hcts been 
had to the Examination Papers set in the University and the several 
Colleges during the last twenty years. 

Phear. — elementary hydrostatics, with Numerous 
Examples. By J. B. Phear, M.A., Fellow and late Assistant 
Tutor of Clare College, Cambridge. Fourth Edition. Crown 
8vo. cloth. 5^. dd. 

This edition has been carefully revised throughout, and many new 
illustrations and examples added, which it is hoped will increase its 
usefulness to students at the Universities and in Schools. In accordance 
with suggestions from many engaged in tuition, answers to all the 
Examples have been given at the end of the book. 

Pratt.— A TREATISE ON ATTRACTIONS, LAPLACE'S 
FUNCTIONS, AND THE FIGURE OF THE EARTH. 
By John H. Pratt, M.A., Archdeacon of Calcutta, Author of 
* * The Mathematical Principles of Mechanical Philosophy. " Fourth 
Edition. Crown 8vo. cloth. 6s. 6d. 
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The atUhot^s chief design in this treatise u to give an ansioer to the 
question f " Has the Earth acquired its present fonnfrom being originally 
in a fluid state ^"^ This Edition is a complete revision of the former ones. 



Puckle.— AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With Numerous 
Examples and Hints for their Solution ; especially designed for the 
Use of Beginners. By G. H. Puckle, M.A., Head Master ot 
Windermere College. New Edition, revised and enlarged. Crown 
8vo. cloth. 7j. 6^/. 

This work is recommended by the Syndicate of the Cambridge Local 
Examinations^ and is the text-book in Harvard University ^ U.S. The 
ATHENiEUM says the author ^* displays an intimate acquaintance 
with the difficulties likely to be fdt^ together with a singular aptitude in 
removing them. " 



Rawlinson.— ELEMENTARY STATICS, by the Rev. George 
Rawlinson, M. a. Edited by the Rev, Edward Sturges,M.A., 
of Emmanuel College, Cambridge, and late Professor of the Applied 
Sciences, Elphinstone College, Bombay. Crown 8vo. cloth. 4s. 6d. 

Published under the authority of Her Majesty's Secretary of State for 
India^ for use in the Government Schools and Colleges in India, 



Reynolds.— MODERN methods in ELEMENTARY 
GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Master jn Clifton College. Crown 8vo. 3^. (>d. 

This little book has been constructed on one plan throughout, that oj 
always giving in the simplest possible form the direct proof from the nature 
of the case. The ctxioms necessary to this simplicity have been assumed 
without hesitation, and no scruple has ' been felt as to the increase of 
their number, or the acceptance of as many elementary notions as 
common experience places past all doubt. The book differs' most from estab' 
lished teaching in its constructions, and in its early application of Arith- 
metic to Geometry. 
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Routh.— AN ELEMENTARY TREATISE ON THE DYNA- 
MICS OF THE SYSTEM OF RIGID BODIES. With 
Numerous Examples. By Edward John Routh, M.A., late 
Fellow and Assistant Tutor of St. Peter's College, Cambridge; 
Examiner in the University of London. Second Edition, enlarged. 
Crown 8vo. doth. 14J. 

In this edition the author has made several additions to each chapter. 
He has tried to make each chapter ^ as far as possible, complete in itself , 
so that all that relates to any one part of the subject may be found in the 
same J>lace. This arrangement will enable every student to select his 
own order in which to read the subject. The Examples which will be 
found at the end of each chapter have been chiefly selected from the 
Examination Papers which have been set in the University and the 
Colleges in the last few years. 
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WORKS 
By the REV. BARNARD SMITH, M.A., 

Rector of Glaston, Rutland, late Fellow and Senior Bursar 
of St. Peter's College, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and Appli- 
cation ; with numerous systematically arranged Examples taken 
from the Cambridge Examination Papers, with especial reference 
to the Ordinary Examination for the B.A. Degree. Twelfth 
Edition. Crown 8vo. cloth. loj. (kI. 

This manual is tunu extensively used in Schools and Colleges, both in 
England and in the Colonies. It has also been fotmd of great service for 
students preparing for the Middle Class and Civil and Military Service 
Examinations, from the care that has been taken to elucidate the principles 
of all the rules. The present edition has been carefully reznsed. ** To 
all those whose minds are sufficiently developed to comprehend the simplest 
vtathematical reasoning, and who have not yet thoroughly mastered the 
principles of Arithmetic and Algebra, it is calculated to be of great 
advantage. " — Athenaeum. Of this work, also, one of the highest possible 
authorities, the late Dean Peacock, writes: " Mr. Smith's work is a most 
useful publication. The rules are stated with great clearness. The 
examples are well selected, and worked out with just sufficient detail, 
without being ettcumbered by too minute explanations ; and there prevails 
throughout it that just proportion of theory and practice which is the 
crcnvning excellence of an elementary work.^* 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 8vo. 
cloth. 4r. 6d. 

Adapted from the author* s work on *^ Arithmetic and Algebra,^' by the 
omission of the algebraic portion, and by the introduction of new exercises. 
The reason of each arithmetical process is fully exhibited. The system of 
Decimal Coinage is explained ; and answers to the exercises are appended 
at the end. The Arithmetic is characterised as ** admirably adapted for 
instruction, combining just sufficient theory with a large and well-selected 
collection of excercises for practice." — Journal of Education. 
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Barnard Smith — continued. 

A KEY TO THE ARITHMETIC JOR SCHOOLS. Eighth 
Edition. Crown 8vo. cloth. 8^ . 6d, 

EXERCISES IN ARITHMETIC. With Answers. Crown 8vo. 
limp cloth. 2s. 6d, 

Or sold separately, Part I. is. ; Part II. is.-, Answers, 6d. 

These Exercises have beeti published in order to give the pupil examples 
in every rule of Arithmetic. The greater number have been carefully 
compiled from the latest University and School Examination Papers. 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. cloth. 3^. 

Or sold separately, Parts I. and II. 10^. each; Part III. is. 

This manual, published at the request of many schoolmasters, and 
chiefly intended for National and Elementary Schools, has been prepared 
on the same plan as that adopted in the author's School Arithmetic, which 
is in extensive circulation in England and abroad. The Metrical Tables 
have been introduced, from the conviction on the part of the author thcU 
the knowledge of such tables, and the mode of applying them, will be of 
great use to the rising generation. 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC. Com- 
plete in one volume, i8mo. cloth, 6j. dd.', or Parts I., II., and 
III., 2s. 6d. each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL AND 
ELEMENTARY SCHOOLS. i8mo. cloth. Or separately, 
Part I. 2d.', Part II. 3^.; Part III. ^d. Answers, (>d. 

THE SAME, with Answers complete. i8mo. cloth, is. dd. 

This Shilling Book of Arithmetic has been prepared for the use of 
National and other schools at the urgent request of numerous Masters of 
schools both at home and abroad. The Explanations of the Rules and 
the Examples will, it is hoped, be found suited to the most elementary 
classes. 

KEY TO SHILLING BOOK OF ARITHMETIC, i8mo. cloth. 

\s. bd. 

C 
% 
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EXAMINATION PAPERS IN ARITHMETIC. iSmo. cXotlv 
I J. 6^. The same, with Answers, iSijio. \5. <)d. 

The object of these Examination Papei's is to test students both in the 
theory and practice of Arithmetic. It is hoped that the methwl adopted 
will lead students to deduce results from general principles rather- than 
to apply stated rules. The anthpr believes that the practice of giving 
examples under particular rules makes the working of Arithmetic quite 
mechanical, and tends to throw all but very clever boys off their balance 
when a general paper on the subject is put before them. 

KEY TO EXAMINATION PAPERS IN ARITHMETIC. 
iSmo. cloth. 4r. 6(/. 

THE METRIC SYSTEM OF ARITHMETIC, ITS PRINCIPLES 
AND APPLICATION, with numerous Examples, written 
^presriy for Standard V. i» National, Schools. Fourth Edition. 
i8mo. cloth, sewed. 3^^. 

/// the New Code of Regulations issued by the Council of Education it 
is stated ** that in all schools children in Standards V, and VI. should 
know the principles of the Metric System, and be able to explain the 
advantages to be gained from uniformity in the method of forming mutinies 
and sub-multiples of the unit." In this little book, Mr. Smith clearly 
and simply explains the principle of the. Metric System, and in con- 
siderable detail expounds the French' system, and its relation to the 
ordinary English method, taking the pupil on as far as Compound 
Division. The book contains numerous Examples, and two wood-cuts 
illustrating the Metric Tables of Surface and Solidity. Answers to the 
Examples are appended. 

A CHART OF THE METRIC SYSTEM, on a Sheet, size 42 in. 
by 34 in. on Roller, mounted and varnished, price 3J. (id. Third 
Edition. 

By t^. New Educational Code it is. ordained that a Chart of the Metric 
System be conspicuously hung up on the wctlls of every school under 
Governmejit inspection. The publishers bdieve that the present Chart will 
be found to answer all the requirements of the Code, and afford aftdl and 
perfectly intelligible vieiv of the principles of the Metric System. The 
principle of the system is clearly stated and illustrated by examples ; the 
Method of Forming the Tables is set forth ; Tables foil oiu, clearly showing 
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Barnard Smith — continued, 

the English equivalent of the French measures of—i. Length ; 2. Surface; 
3. Solidity ; 4. Weight; 5. Capacity, At the bottom^ of the Chart is drawn 
a full-length Metric Measure^ subdivided distinctly and intelligibly into 
Decimetres, Centimetres , and Millimetres, ** We do not remember that 
ever we have seen teaching by a chart more hitppUy carried out. " — SCHOOL 
Board Chronicle. 

Also a Small Chart on a Card, price id. 

EASY LESSONS IN ARITHMETIC, combining Exercises • in 
Reading, Writing, Spelling, and Dictation. Part I. for Standard 
I. in National Schools. Crown 8vo. gd. 

Diagrams for School-room walls in preparation. 

THE METRIC ARITHMETIC 

This book wUl go thoroughly into the principles of the Systeniy intro' 
ducing the money tables of the various countries which have adopted' it, 
and containing a very large number of Examples and Exntnination 
Papers. [Nearly ready. 



Snowball.— THE ELEMENTS OF PLANE AND SPHERI- 
CAL TRIGONOMETRY ; with the Construction and Use of 
Tables of Logarithms. By J. C. Snowball, M.A. Tenth Edition. 
Crown 8vo. cloth. 7^. 6d. 

In preparing the present edition for the press, the text has been 
subjected to a careful revision ; the proofs of some of the more impor- 
tant propositions have been rendered more strict and general ; and more 
than two hundred examples, taken principally from the questions set of 
late years in the public Examinations of the University and of individual 
Colleges, have been added to the collection of Examples and Problems for 
practice, 

Tait and Steele.— a treatise on dynamics of a 

PARTICLE. With numerous Examples. By Professor Tait and 
Mr. Steele. New Edition, enlarged. Crown 8vo. cloth. loj-. dd. 

c 2 
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In this treatise will be found all the ordinary propositions^ connected 
with the Dynamics of Particles^ which can be conveniently deduced without 
the use of D^Alembert^s Principle, Throughout the book will be found a 
number of illustrative examples introduced in the text^ and for the most 
part completely worked out ; others with occasioned solutions or hints to 
assist the student are appended to each chapter. For by far the greater 
portion of these^ the Cambridge Senate- House and Collie Examination 
Papers have been applied to. In the new edition numerous trivial errors^ 
and a few of a more serious character ^ have been corrected^ while many 
new examples have been added, 

Taylor. — GEOMETRICAL CONICS; including Anharmonic 
Ratio and Projection, with numerous Examples. By C. Taylor, 
B. A., Scholar of St. John's College, Cambridge. Crown 8vo. cloth, 
7^. 6d, 

This work contains elementary proof s of the principal properties of Conic 
Sections f together with chapters on Projection and Anharmonic Ratio, 

Tebay.— ELEMENTARY MENSURATION FOR SCHOOLS. 
With numerous Examples. By Septimus Tebay, B.A., Head 
Master of Queen Elizabeth's Grammar School, Rivington. Extra 
fcap. 8vo. 3 J. 6d. 

The object of the present work is to enable boys to acquire a moderate 
knowledge of Mensuration in a reasonable time. All difficult and useless 
matter has been avoided. The examples for the most part are easy^ and 
the rules are concise, ** A very compact useful manual, " — Spectator. 
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WORKS 
By I. TODHUNTER, M.A., F.R.S., 
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They are all good^ and each volume adds to the value of the rest." — 
Freeman. ** Perspicuous language^ vigorous investigations, scrutiny of 
difficulties, and methodical treatment, characterise Mr, Todhunter's works,*^ 
— Civil Engineer. 

THE ELEMENTS OF EUCLID. For the Use of Colleges and 
Schools. New Edition. i8mo. cloth. 3J. 6d. 

No method 0/ overcoming the difficulties experienced by young students of 
Euclid appears to be so useful as that of breaking up the demonstrations 
into their constituent parts ; a plan strongly recommended by Professor 
De Morgan, In the present Edition each distinct assertion in the argu- 
ment begins a new line ; and at the ends of the lines are placed the 
necessary references to the preceding principles on which the assertions 
depend. The longer propositions are distributed into subordinate parts^ 
nvhich are distinguished by breaks at the beginning of the lines. Notes, 
Appendix, and a collection of Exercises are added, 

MENSURATION FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. cloth. 2x. 6^. 

The subjects included in the present work are those which have usually 
found a place in Elementary Treatises on Mensuration. The mode of 
treatment has been determined by the fact that the work is intended for the 
use of beginners. Accordingly it is divided into short independent chapters^ 
which are followed by appropriate examples, A knowledge of the elements 
of Arithmetic is all that is assumed; and in connection with most of the 
Rules of Mensuration it has been found practicable to give such explana- 
tions and illustrations as will supply the place of formal mathematical 
demonstrations, which would have been unsuitable to the character of the 
work. ** For simplicity and clearness of arrangement it is unsurpassed 
by any text-book on the subject which has come under our notice," — 
Educational Times. 
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ALGEBRA FOR BEGINNERS. With numerous Examples. New 
Edition. i8mo. cloth. 2s. 6d, 

Great pzins have been taken to render this work intelligible to young 
students, by the use of simple language and by copious explanations. In 
determining the subjects to be includai and the spctce to be assigned to each^ 
the author has been guided by the Papers given at the various examinations 
in elementary Algebra which are now carried on in this country. The 
book may be said to consist of three parts. The first part contains the 
elenttntary operations in integral and prcutional expressions; the second 
the solution of equations and problems ; the third treats of various subjects 
which are introduced but rarely into Examination Papers, and are more 
briefly discussed. Provision has at the same time been made for the 
introduction of easy equations and problems at an early stage— for those 
who prefer such a course. 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. doth. 
6j. dd. 

TRIGONOMETRY FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. cloth. 2.s, 6d. 

Intended to serve as an introduction to the larger treatise on Plane 
Trigonometry, published by the author. The same plan has been culopted 
as in the Algebra for Beginners : the subject if discussed in short chapters, 
and a collection of examples is attached to each chapter. The first fourteen 
chapters present the geometrical part of Plane Trigonometry; and contain 
all that is fiecessary for practical purposes. The range of matter included 
is such as seems required by the various examinations in elementary Tri- 
gonometry which are now carried on in this country. Answers are 
appended, 

MECHANICS FOR BEGINNERS. With numerous Examples. 
New Edition. iSmo. cloth. \s. 6d. 
Intended as a companion to the two preceding books. The work forms an 
elementary treatise on demonstrative mechanics. A knowledge of the elements 
at Jemt of the theory of the subject is extremely valuable even for those who 
are mainly concerned with practical results. The author has accordingly 
endeavoured to provide a suitable introduction to the study of applied as 
well as of theoretical mechanics. The work consists of two parts, namely. 
Statics and Dytiamics. It will be found to contain all that is usually 
comprised in elementary treatises on Mechanics, together with some additions. 



MA THE MA TICS. J9 

Todhunter (I.) — continued. 

ALGEBRA. For the Use of Colleges and Schools. Fifth £ditiinL 
Crown 8vo. cloth, yj. 6d, 

TTiis work contains all the propositions which are usually included in 
elementary treatises on Algebra^ and a large number of Examples for 
Exercise. The author has sought to render the work easily intelligible to 
students, without impairing the accuracy of the demonstrations^ or con- 
(ranting the limits of the subject. The Examples, about Sixteen hundred 
and fifty in number, have been selected with a view to illustrate every part 
of the subject. Each chapter is complete in itself; and the work will be 
found peculiarly adapted to the wants of students who are without the aid 
of a teacher. The Answers to the Examples, with hints for the solution of 
some in which assistance niay be needed, are given at the end of the book. 
In the present edition two New Chapters and Three hundred miscellaneous 
Examples have been added. The latter are arranged in sets, Hack set 
containing ten Examples, ** It has merits which unquestionably place 
it first in the class to which it belongs,** — EDUCATOR. 

KEY TO ALGEBRA FOR THE USE OF COLLEGES AND 
SCHOOLS. Crown 8vo. los. 6d, 

AN ELEMENTARY TREATISE ON THE THEORY OF 
EQUATIONS. Second Edition, revised. Crown 8vo. cloth. 
7^". (>d. 
This treatise contains all the propositions which are usually included 
in elementary treatises on the theory of Equations, together with Examples 
for exercise. These have been sdected from the College and University 
Examination Papers, and the results have been given when it appeared 
necessary. In order to exhibit a comprehensive view of the subject, the 
treatise includes investigations which are not found in all the preceding 
elementary treatises, and also some investigations which are not to be found 
in any of them. For the Second Edition the Tvork has been revised and 
some additions have been madef the most important being an account of 
the researches of Professor Sylvester respecting Newton* s Rule. "A 
thoroughly trustzvorthy, complete, and yet not too daborate treatise** 
Philosophical Magazine. 

PLANE TRIGONOMETRY. For Schools and Colleges. Fourth 
Edition. Crown 8vo. doth. 5^. 

Tile design of this work has been to render the subject intelligible to 
beginners, and at the same time to afford the student the opportunity of 
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obtaining all the information which he will require on this branch of 
Mathematics. Each chapter is followed by a set of Examples : those 
which are entitled Miscellaneous Examples, together with a few in some 
of the other sets^ may be advantageously reserved by the student for exercise 
after he hcu made some progress in the subject. In the Second Edition 
the hints for the solution oj the Examples have been considerably increased, 

A TREATISE ON SPHERICAL TRIGONOMETRY. New 
Edition, enlarged. Crown 8vo. cloth. 4r. dd. 

The present work is constructed on the same plan as the treatise on 
Plane Trigonometry , to which it is intended as a sequel. In the account 
of Napief^s Rules of Circular Parts^ an explanation has been given of a 
method of proof devised by Napier, which seems to have been overlooked 
by most modem writers on the subject. Considerable labour has been 
bestowed on the text in order to render it comprehensive and accurate^ and 
the Examples {^selected chiefly from College Examination Papers) heme 
all been carefully verified. ^^ For educational purposes this work seems 
to be superior to any others on the subject.'*'* — CRITIC. 

PLANE CO-ORDINATE GEOMETRY, as applied to the Straight 
Line and the Conic Sections. With numerous Examples. Fourth 
Edition, revised and enlarged. Crown 8vo. cloth. ']s, 6d. 

The author has here endeavoured to exhibit the subject in a simple 
manner for the benefit of beginners^ and at the same time to include in one 
volume all that students usually require. In addition, therefore, to the 
prepositions which have always appeared in such treatises, he has intro- 
duced the methods of abridged notation, which are of more recent origin ; 
these methods, which are of a less elementary character than the rest of the 
work, are placed in separate chapters, and may be omitted by the student 
atfirst. 

A TREATISE ON THE DIFFERENTIAL CALCULUS. With 
numerous Examples. Fifth Edition. Crown 8vo. cloth, los. 6d, 

The author hcts endeavoured in the present work to exhibit a compre- 
hensive view of the Differential Calculus on the method of limits. In the 
more eleme^ttary portions he has entered into considerable detail in the 
explanations, with the hope that a reader who is without the assistance of a 
tutor may be enabled to acquire a competent acquaintance with the subject. 
The method adopted is that of Differential Coefficients, To the different 
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chapters are appended examples sufficiently numerous to render another 
book unnecessary ; these examples being mostly selected from College EX' 
amination Papers. ** // hcts alrmdy taken its place as the text-book 

on that subject." — PHILOSOPHICAL MAGAZINE. 

A TREATISE ON THE INTEGRAL CALCULUS AND ITS 
APPLICATIONS. With numerous Examples. Third Edition, 
revised and enlarged. Crown 8vo. cloth. \os, 6d. 

This is designed as a work at ofue elem^mtary and complete^ adapted 
for the use of beginners, and sufficient for the wants of advanced students. 
In the selection of the propositions, and in the made of establishing them^ 
it hcts been sought to exhibit the principles clearly, and to illustrate 
all their most important results. The process of summation has been 
repeatedly brought foi-ward, with the view of securing the attention of 
the student to the notions which form the tru£ foundation of the Calculus 
itself, as well as of its most valuable applications. Every attempt has been 
'made to explain those difficulties 7uhich ustuxlly perplex beginners, especially 
with reference to the limits of integratio7is. A new method has been adopted 
in regard to the transformation of multiple integrals. The last chapter 
deals with the Calculus of Variations. A large collection of exercises, 
selected from College Examination Papers, has been appended to the several 
chapters. 

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE 
DIMENSIONS. Second Edition, revised. Crown 8vo. cloth. 

A TREATISE ON ANALYTICAL STATICS. With numerous 
Examples. Third Edition, revised and enlarged. Crown Svo. 
cloth. loj. 6^. 
In this work on statics [treating of the laws of the equilibrium of bodies) 
will be found all the propositions which usucUly appear in treatises on 
Theoretical Statics. To the different chapters examples are appended, 
which have been principally selected from University Examination Papers, 
In the Third Edition many additions have bun made, in order to illus- 
trate the application of the principles of the subject to the solution oj 
problems, 

A HISTORY OF THE MATHEMATICAL THEORY OF 
PROBABILITY, from the time of Pascal to that of Laplace. 
8vo. Sj. 
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The subject of this volume has high claims to consideration on account of 
the subtle problems which it itwolves, the valuable contributions to analysis 
which it has produced^ its important practical applications^ and the emi- 
nence of those who have cultivated it. TTte subject claims all the interest 
which illustrious names can confer : nearly every great mathematician 
within the range of a century and a half comes up in the course of the 
history. The present work, though principally a history , may claim the 
title of a comprehensive treatise on the Theory of Probability, for it assumes 
in the reader only so much knowledge as can be gained from an eleinentarv 
book on Algebra, and introduces him to almost every process and every 
species of problem which the literature of the subject can furnish. The 
author has been cartful to reproduce the essential elements of the origineU 
works which he has analysed, and to corroborate his statements by exact 
quotations from the originals, in the languages in which they were 
published. 

RESEARCHES IN THE CALCULUS OF VARIATIONS, 
principally on the Theory of Discontinuous Solutions : an Essay 
to which the Adams Prize was awarded in the University of Cam- 
bridge in 1 87 1. 8vo. 6j. 

The subject of this Essay wets prescribed in the following terfns by the 
Examiners: — ^^ A determination of the circumstances under which dis' 
continuity of any kind presents itself in the solution of a problem of 
maximum or minimum in the Calculus of Variations, and applications to 
particular instances. It is expected that the discussion of the instances 
should be exemplified as far as possible geometrically, and that attention be 
especially directed to cases of real or supposed failure of the Calculus.^* . The 
Essay, then, is mainly devoted to the consideration of discontinuous soiuiions; 
but- incidentally various other questions in the Calculus of VaricUions are 
examined and elucidated. The author hopes that he has definitely contri- 
buted to the extension and improvement of our knowledge of this refined 
d^artment of analysis. 



'Wilson (J. M.) — ELEMENTARY GEOMETRY. Angles, 
Parallels, Triangles, Equivalent Figures, the Circle, and Propor- 
tion. By J. M. Wilson, M. A., late Fellow of SL John's College, 
Cambridge, and Mathematical Master of Ri^by School. Second 
Edition, Extra fcap. 8vo. 3J. 6^/. 
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The disHnctive features of this work are intended to he the following. 
The classification of Theorems according to their subjects ; the separation 
of Theorems and Problems ; the use of hypothetical constructions ; the 
adoption of independent proofs where they are possible and simple ; the 
introduction of the terms \qco&^ projection, &c. ; the importance given to 
the notion of direction as the property of a straight line ; the intermixing 
of exercises y classified according to the methods adopted J or their solution.; 
the diminution of the number of Theorems; the compression of proofs^ 
especially in the later parts of the book ; the tacit, instecui of the explicit^ 
reference to axioms ; and the treatment of parallels, ** The methods em- 
ployed have the great merit of suggesting a ready application to the solution 
of fresh problems,"— G\JA^T>iA.ii, 

ELEMENTARY GEOMETRY. Part II. (separately). The Circle 
and Proportion. By J. M. Wilson, M.A. Extra fcap. 8vo. 
2s. 6d, 

SOLID GEOMETRY AND CONIC SECTIONS. With Appen- 
dices on Transversals and Haimonic Division. For the. use of 
Schools. By J. M. Wilson, M.A. Extra fcap. Svo. 3i-. 6d. 

This work is an endeavour to introduce into schools some portions of 
Solid Geometry which are now very little read in England. The first 
twenty-one Propositions of Euclid* s Eleventh Book are usually all the 
Solid Geometry that a boy reads till he meets with the subject again in the 
course of his analytical studies. And this is a matter of regret, because 
this part of Geometry is specially valuable and attractive. In it the atten- 
tion of the student is strongly called to the subject matter of the reasoning ; 
the geometrical imagination is exercised ; the methods employed in it 
are more ingenious than those in Plane Geometry, and have greater diffi' 
cutties to meet ; and the applications of it in practice are more varied. 

Wilson (W. P.) — A TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St. John's College, Cambridge, 
and Professor of Matliematics in Queen's College, Belfast Svo. 
Qj. 6</. 

**This treatise supplies a great educational need." — EDUCATIONAL 
Times. 



EDUCATIONAL BOOKS. 

Wolstenholme a BOOK OF MATHEMATICAL 

PROBLEMS, an Subjects includec] in the Cambridge Course. 
By Joseph Wolstenkoi-me, Fellow of Christ's College, some- 
time Fellow of St. John's College, and lately Lecturer in Mathe- 
malicB ai Christ's College. Crown 8vo. cloth. 8j. bd. 
Contents:— Cftjmrfrf {EiieliJ) — Algebra— Plant Trigotunnary— 
Gioimtrical Conic SerHom—AnalytUal CeiiK Seelitins — Thtoty of Equa- 
Hens~DifftrciitiaI Calciilui^ Integral Calc«l»s~Solid Geometry— StaHet 
— Elemtnlary Dynamics — .Vhii/OH —Dyaamics of a Point — Dynamktef 
a Rigid Body— Ilydroitatici — Geometrical Optics — Spherical Tripinomdry 
and Plant Astronomy. " yiidicious, sym metrical, and iiidl arranged." — 

GVAKOIAN. 
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SCIENCE. 

ELEMENTARY CLASS-BOOKS. 

The importance of Science as an element of sound educa- 
tion is now generally acknowledged; and accordingly it 
is obtaining a prominent place in the ordinary course of 
school instruction. It is the intention of the Publishers to 
produce a complete series of Scientific Manuals, affording 
full and accurate elementary information, conveyed in clear 
and lucid English. The authors are well known as among 
the foremost men of their several departments ; and their 
names form a ready guarantee for the high character of the 
books. Subjoined is a list of those Manuals that have 
already appeared, with a short account of each. Others 
are in active preparation ; and the whole will constitute a 
standard series specially adapted to the requirements of be- 
ginners, whether for private study or for school instruction. 

ASTRONOMY, by the Astronomer Royal. 

POPULAR ASTRONOMY. With Illustrations. By Sir G. B. 
Airy, K.C.B., Astronomer Royal. Seventh Edition. i8mo. 
cloth. 4r. 6d. 

This work consists of six lectures^ which are intended " to explain to 
intelligent persons the principles on which the instruments of an Observa- 
tory are constmcted (omitting all details^ so far as they are merely sub- 
sidiary)^ and the principles on which the observations made with these 
instruments are treated for deduction oj the distances and weights of the 
lodies of the Solar System^ and of a few stars ^ omitting all minutia of 
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formula ^ and all troublesome details of calculation^ The speciality of this 
volume is the direct reference of ei>ery step to the Observatory^ and the full 
description of the methods ami instmmenis of observation, 

ASTRONOMY. 

MR. LOCKYER'S ELEMENTARY LESSONS IN ASTRO- 
NOMY. With Coloured Diagram of the Spectra of the Sun, 
Stars, and Nebulas, and numerous Illustrations. By J. Norman 
LOCKYER, F.R.S. Ninth Thousand. i8mo. 5J. 6</. 

The author has here aimed to give a connecttki vieiv oj the whole subj'^t, 
and to supply fit ctSf and ideas founded on the facts, to serm as a basis for 
subse^matt study and disaission. The chapters treat cf the Stars and 
Nebuhe; the Sun; the Solar System ; Apparent Morvemetits of the Heavenly 
Bodies; the Measuremeftt of Time; Light ; the Telescope and Spectroscope; 
Appmrent IHaces of the Heavetily Bodies ; the Real IHstarrces and Dimen- 
sions; Universal Gravitation. The most recent astronomical discoveries 
are incorporated. Mr. Lockyei^ s work supplemeftts that of the Astronomer 
Royal mentioned in the previous article. ** The book is full, clear, sound, 
and worthy of attention, not only as a popular exposition, but cts a scientific 
* Index.* " — Athenaeum. ** The most fascinating of elementary books 
on the Sciences.*^ — Nonconformist. 

QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS 
IN ASTRONOMY. For the Use of Schools. By John Forbes- 
Robertson. iSmo. cloth limp. \s. 6d. 

PHYSIOLOGY. 

PROFESSOR HUXLEY'S LESSONS IN ELEMENTARY 
PHYSIOLOGY. With numerous Illustrations. By T. H. 
Huxley, F.R.S., Professor of Natural History in the Royal School 
of Mines. Sixth Edition. i8mo. cloth. 4J 6^. 

This book describes and explains, in a series of graduated lessons, the 
principles of Human Physiology ; or the Structure and Functiotts of the 
Human Body. The first lesson supplies a general view of the subject. 
This isfollo7ucd by sections on the Vascular or Venous System, and the 
Circulation ; the Blood and the Lymph ; Respiration ; Sources of Loss 
and of Gain to the Blood; the Function of Alimentation ; Motion and 
Locomotion ; Sensations and Sensory Organs; the Organ of Sight ; the 
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Coalescence of Sensations with one another and with other States of Con- 
s^iousness ; the Nervous System and Innervation; Histology^ or the. 
Minute Structure of the Tissues, A Table of Anatomical and Physio^ 
logical Constants is appended. The lessons are fully illustrated by 
numerous engravings. The new edition has been thoroughly revised^ and 
a considerable number of new illustrations addedj several of these having 
been taken from the rabbit, the sheep, the dog, and the frog, in order to aid 
those who attempt to fnake their knowledge real by acquiring some practical 
acquaintance with the facts of Anatomy and Physiology. ** Pure gold 
throughotuy — Guardian. " Unquestionably the clearest and most 
complete elementary treatise on this subject that we possess in any Ian- 
guage." — Westminster Review. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR SCHOOLS. 
By T. Alcock, M.D. i8mo. is. 6d. 

These Questions were drawn up as aids to the instruction of a class of 
young people in Physiology. 

BOTANY. 

PROFESSOR OLIVER'S LESSONS IN ELEMENTARY 
BOTANY. With nearly Two Hundred Illustrations. Twelfth 
Thousand. i8mo. cloth. 4^. (yd. 

This book is designed to teach the Elements of Botany on Professor 
Henslorvd s plan of selected Types and by the use of Schedules. The earlier 
chapters, embracing the elements of Structural and Physiological Botany, 
introduce us to the methodical study of the Ordinal T^pes, The con- 
cluding chapters are eti titled, ** How to dry Plants^* and ** How to 
describe Plants." A valuable Glossary is appended to the volume. In 
the preparation of this work free use has been made of the manuscript 
materials of the late Professor Nenslow. 

CHEMISTRY. 

PROFESSOR ROSCOE'S LESSONS IN ELEMENTARY 
CHEMISTRY, INORGANIC AND ORGANIC. By Henry 
E. RoscoE, F.R.S., Professor of Chemistry in Owens College, 
Manchester. With numerous Illustrations and Chromo-Litho of 
the Solar Spectrum, and of the Alkalies and Alkaline Earths, 
New Edition. Thirty-first Thousand. i8mo. cloth, ^.(>d. 
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It has been the endeavour of the author to arrange the most important 
facts and principles of Modem Chemistry in a plain but concise and 
scientific form ^ suited to the present requirements of elementary instruction. 
For the purpose of facilitating the attainment of exactitude in the knowledge 
of the subject^ a series of exercises and questions upon the lessons have been 
culded. The metric system of weights and measures^ and the centigrade 
thermometric scale, are used throughout the work. The New Edition, 
besides new wood-cuts, contains many additions and improvements, and 
includes the most important of the latest discoveries, ** As a standard 
general text-book it deserves to take a leading place.** — Spectator. '* We 
unhesitatingly pronounce it the best of all our elementary treatises on 
Chemistry" — Medical Times. 

In ordering, please specify Macmillan's Edition. 

POLITICAL ECONOMY. 

POLITICAL ECONOMY FOR BEGINNERS. By Millicent 
G. Fawcett. New Edition. i8mo. 2s. 6d, 

This work has been written mainly with the hope thai a short and 
elementary book might help to make Political Economy a more popular 
study in boyi and girli schools. In order to adapt the book especially for 
school usCi questions have been added at the end of each chapter. In the 
New Edition each page has been carefully revised, and at the end of each 
chapter after the questions a few little puzzles have been addtd, which will 
add interest to the book and tecuh the learner to think for himself, * * Clatr, 
compact, and comprehensive.** — Daily News. ** The relations of capital 
and labour have never been more simply or more clearly expounded,** — 
Contemporary Review. 

LOGIC. 

ELEMENTARY LESSONS IN LOGIC ; Deductive and Induc- 
tive, with copious Questions and Examples, and a Vocabulary of 
Logical Terms. By W. Stanley Jevons, M. A. , Professor of Logic 
in Owens College, Manchester. Second Edition. i8mo. 3^. (id. 

In preparing these Lessons the author has attempted to show that Logic ^ 
even in its traditional form, can be made a highly useful subject of study, 
and a po^verful means of mental exercise. With this view he has avoided 
the use of superfluous technical terms ^ and has abstained from entering 
into questions of a purely speculative or metaphysical character. For the 
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puerile illustrations too often found in works on Logic, examples drawn 
from the distinct objects and ideas treated hi the natural and experimental 
sciences have been generally substituted. At the end of almost every 
Lesson will be found references to the work» in which the student will most 
profitably continue his reading of the subject treated, so that this little 
volume may serve as a guide to a more extended course of study. 7he 
Guardian thinks ^'^ nothing can be better for a school-book" and the 
Athenaeum calls it "a manual alike simple, interesting, and scientific. ^^ 

PHYSICS. 

LESSONS IN ELEMENTARY PHYSICS. By Balfour 
Stewart, F.R.S., Professor of Natural Philosophy in Owens 
College, Manchester. With numerous Illustrations and Chromo- 
Irths of the Spectra of the Sun, Stars, and Nebulae. Fifth Thou- 
sand. iSmo. 4r. 6^. 
A description, in an elementary manner, of the most important of those 
laws which rtgtdate the phenomena of nature. The active agents^ heat, 
light, electricity, etc., are regarded as varieties of energy, and the work w 
so arranged that their relation to one another^ looked at in this light, and 
the paramount importance oj the laws of energy, are clearly brought out. 
The volume contains all the necessary illustrations, and a plate represent- 
ing the Spectra of Sun, Stars, and Nebula, forms a frontispiece. The 
Educational Times calls this ** the beau ideal of a scientific text-book, 
clear, accurate, and thorough. ^^ 
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MANUALS FOR STUDENTS. 

Flower (W. H.)— an' INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA. Being the substance of 
the Course of Lectures delivered at the Royal College of Surgeons 
of England in 1870. By W. H. Flower, r.R.S., F.R.C.S., 
Hunterian Professor of Comparative Anatomy and Physiology. 
With numerous Illustrations. Globe 8vo. *js. 6d, 

Although the present work contains the substance of a Course of Lectures, 
the form has been changed, so as the better to adapt it as a handbook for 
students. Theoretical views have beett almost entirely excluded: and while 
it is impossible in a scientific treatise to avoid the emplqyfftent of technical 
terms, it has been the author's endeavour to use no more than absolutely 
necessary, and to exercise due care in selecting only those that seem, most 
appropriate, or which have received Ihe sanction of general adoption. With 
a very few exceptions the illustrations have been draivn expressly for this 
luorkfrom specimens in the Museum of the Royal College of Surgeons, 

Hooker (Dr.)— the STUDENTS FLORA OF THE 
BRITISH ISLANDS. By^ J. D. Hooker, C.B., F.R.S., 
M.D., D.C.L., Director of the Royal Gardens, Kew. Globe 
Svo. 10^. dd. 

The object of this work is to supply students and field-botanists with a 
fuller account of the Plants of the British Islands than the manuals 
hitherto in use aim at giving. The Ordinal, Generic, and Specific 
characters have been re-written, and are to a great extent original, arui 
drawn from living or dried sptcimens, or both, ** Cannot fail to perfectly 
fulfil the purpose for which it is intended." — Land AND Water, 
** Containing the fullest and most accurate manual of the kind that has yet 
appeared.'"' — Pall Mall Gazette. 

Oliver (Professor).— FIRST BOOK OF INDIAN BOTANY. 

By Daniel Oliver, F.R.S., F.L.S., Keeper of the Herbarium 
and Library of the Royal Gardens, Kew, and Professor of Botany 
in University College, London. With numerous Illustrations. 
Extra fcap. Svo. 6j. 6d. 
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This manual is, in substance, ihe author's ^^ Lessons in Elementary 
Botany,^* adapted for use in India, In preparing it he has had in view 
the want, often felt, of some handy xi^Mxak of Indian Botany, which might 
be serviceable not only to residents of India, but also to any one about to 
proceed thither, desirous of getting some preliminary idea of the Botany of 
that country. * * // contains a well-digested summary of all essential know-^ 
ledge pertaining to Indian botany ^ wrought out in accordance with the best 
principles of scientific arrangemtnty — Allen's Indian Mail. 

Other volumes of these Manuals will follow. 



Ball (R. S., A.M.) — experimental mechanics, 

A Course of Lectures delivered at the Royal College of Science 
for Ireland. By Robert Stawell Ball, A.M., Professor of 
Applied Mathematics and Mechanics in the Royal College of 
Science for Ireland (Science and Art Department). Royal 8vo. 
i6s. 

The author* s aim has been to create in. the mind of the student physical 
ideas corresponding to theoretical laws, and thus to produce a work which 
may be regarded either as a supplement or an introduction to manuals of 
theoretic mechanics. To realize this design, the copious use of experimental 
illustrations was necessary. The apparatus used in the Lectures, and 
figured in the volume, has been principally built up from Professor Willies 
most admirable system. In the selection of the subjects, the question of 
practical utility has in many cases been regarded as the one of paramount 
importance. The elementary truths of Mechanics are too well known to 
admit of novelty, but it is believed tJmt the mode of treatment which is 
adopted is more or less original. This is especially the case in the Lectures 
relating to friction, to the mechanical pozuers, to the strength of timber and 
structures, to the laws of motion, and to the pendulum. The illustrations^ 
drawn from the apparatus, are nearly all original, and are beautifully 
executed. 

Cooke (Josiah P., Jun.)— FIRST PRINCIPLES OF 
chemical philosophy. By Josiah P. Cooke, Jun., 
Ervine Professor of Chemistry and Mineralogy in Harvard College. 
Crown 8vo. lis, 

D 2 
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The object of the author in this book is to present the philosophy of 
Chemistry in such a form that it can be made with profit the subject of 
College recitations y and furnish the teacher with the means of testing the 
students faithfulness and ability. With this vieiv the subject has been 
developed in a logical order ^ and the principles of the science are taught 
independently of the experimental evidence on which they rest. 

RoSCOe (H. E.)— SPECTRUM ANALYSIS. Six Lectures, 
with Appendices, Engravings, Maps, and Chromolithographs. 
By H. E. RoscoE, F.R.S., Professor of Chemistry in Owens 
College, Manchester. . Royal 8vo. 2ij. 

A Second Edition of these popular Lectures^ containing all the 
most recent discoveries and several additional Illustrations. *^ In six 
lectures he has given^ the history of the discovery and set forth the fact 
relating to the analysis of light in such a way that any reader o 
ordinary intelligence and information will be able to understand what 
* Spectrum Analysis^ is, and what are its claims to rank among the most 
signal triumphs of science of which even this century can boast. " — Non- 
conformist. " The illustrations— no unimportant part of a book on 
such a subject — are marvds of wood-printing, and reflect the clearness 
which is the distinguishing merit of Mr. Roscois explanations. ''^ — 
Saturday Review. ** The lectures themselves furnish a most ad- 
mirable elementary treatise on the subject, whilst by the insertion in 
appendices to each lecture of extracts from the tnost important published 
memoirs, the author has rendered it equally valuable as a text-book 
for advanced students"— W^STUilfSTE,i(. Review, 

Thorpe (T. E.)— a series of chemical problems, 

for use in Colleges and Schools. Adapted, for the preparation of 
S.tudents for the Government, Science, and Society of Arts Exa- 
minations. With a Preface by Professor Roscoe. i8mo. 
cloth. IS. 

In the Preface Dr. Roscoe says — ** My experience has led me to feel more 
and more strongly that by no method can accuracy in a knowledge of 
chemistry he more surely secured than by attention to the working of well- 
selected problems, and Dr. Thorpe's thorough acquaintance with the wants 
of the student is a sufficient guarantee that this selection has been carefully 
made. I intend largely to use these questions in my own classes, and I can 
confidently recommend them to all teachers and students of the science." 
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Wurtz.— A HISTORY OF CHEMICAL THEORY, from the 
Age of Lavoisier down to the present time. By Ad. Wurtz- 
Translated by 'Henry Watts, F.R.S. Crown 8vo. ds. 

** The treatment of the subject is admirable^ and the translate?- has 
evidently done his duty most efficiently.^^ — Westminster Review. 
'* The discourse, as a resume of chemical theory and research ^ umtes 
singular luminousness and grasp. A few judicious notes are added Ly the 
translator."— Vaia. Mall Gazette. 



SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS, 

The necessity of commencing, the teaching of Science in Schools at an 
early stage of the pupil's course has now become generally recog- 
nized, and is enforced in all Schools under Government inspection. 
For the purpose of facilitating the introduction of Science Teaching 
into Elementary Schools, Messrs. Macmillan have had in pre- 
paration for some time a New Series of Science Primers, under 
the joint Editorship of Professors Huxley, Roscoe, and Balfour 

' Stewart. The object of these Primers is to convey information 
in such a manner as to make it both intelligible and interesting to 
pupils in the most elementary classes. They are clearly printed "on 
good paper, and illustrations are given whenever they are necessary 
to the proper understanding of the text. The following are just 
published : — 

CHEMISTRY. By H. E. Roscoe, Professor of Chemistry in Owens 
College, Manchester. i8mo. is. Second Edition. 

PHYSICS. By Balfour Stewart, Professor of Natural Philosophy 
in Owens College, Manchester. i8mo. is. 

In these Manuals the authors have aimed, not so much to give informa- 
tion, as to endeavour to discipline the fuind in a way which has not 
hitherto been customary, by bringing it into immediate contact with 
Nature herself For this purpose a series of simple experiments {to be 
performed by the teacher) has been devised, leading up to the chief truths 
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of each Science. Thus the power of obseniation in the pupils will be 
cewakencd and strengthened. Each Manual is copiously illustrated, and 
appended are lists of all the necessary apparatus^- with prices^ and 
directions as to hoiu they may be obtained. Professor Huxley's introduc- 
tory volume has beeft delayed through the illness of the author^ but it is 
now expected to appear very shortly. ** They are wonderfully clear and 
lucid in their instruction ^ simple in style^ and admirable in plan.'''' — 
Educational Times. 

INTRODUCTORY. By Professor Huxley. \In the press. 

PRIMER OF PHYSICAL GEOGRAPHY. By Archibald 
Geikie, F.R.S., Professor of Geology at Edinburgh. 

[/;/ the press. 

PRIMER OF GEOLOGY. By Archibald Geikie, F.R.S. 

\In the Press. 



J 
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MISCELLANEOUS. 



Abbott. — A SHAKESPEARIAN GRAMMAR. An Attempt to 
illustrate some of the Differences between Elizabethan and Modern 
English. By the Rev. E. A. Abbott, M. A., Head Master of the 
City of London SchooL For the Use of Schools. New and En- 
larged Edition. Extra fcap. 8vo. 6j. 

The object of this work is to furnish students of Shakespeare and Bacon 
With a short systematic cu:count of some points of diffei'ence between Eliza- 
bethan syntax and our own, A section on Prosody is added, and Notes 
and Questions. The success which has attended the First and .Second 
Editions of the ** Shakespearian Grammar," and the demand for a 
Third Edition within a year of the publication of the First, have encouraged 
the author to endeavour to make the work someivhat more useful, and to 
render it, as far as possible, a complete book of reference for all difficulties of 
Shakespearian syntax or prosody. For this purpose the whole of Shake- 
speare has been re-read, and an attempt has been made to inchtde within 
this Edition the explanation of every idiomatic difficulty that cofnes within 
the province of a grammar as distijict prom a glossary. The great object 
being to make a useful book of reference for students, and especially for 
classes in schools, several Plays have been indexed so fully that with the aid 
of a glossary and historical notes the references will serve for a complete com- 
mentary. ** A critical inquiry, conducted with great skill and knowledge, 
and with all the appliances of modern philology .... We venture to believe 
that those who consider themselves most proficient as Shakespearians will 
find something to learn from its pages'^ — Pall Mall Gazette. 
" Valuable not only as an aid to the critical study of Shakespeare, but 
as tending to familiarize the reader with Elizabethan English in 
generaV^ — ATHENiEUM. 

Bates.— A CLASS-BOOK OF GEOGRAPHY. Adapted to the 
recent Programme of the Royal Geographical Society. By H. 
W. Bates, Assistant Secretary to tlie Royal Geographical Society. 

[/if the Press. 
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Berners.— FIRST lessons on health. By j. Ber- 

NERS. i8mo. IJ. Second Edition. 

This little book consists of the notes of a number of simple lessons on 
sanitary subjects given to a class in a Xational School^ and listened to 
with great interest and intelligence. They have been made as easy and 
familiar as possible^ and as far as they go 7nay be deemed perfectly trust- 
worthy. One of the authof^s main attempts has been^ to translate the 
concise and accurate language of science into the colloquial nursery 
dialect comprehensible to children. The book will be found of the highest 
value to all who have the training of children^ who, for want of knowing 
what this little book teaches, too often groio up to be unhealthy, defective 
men and women. The Contents are — /. Introductory. IL Fresh Air, 
III. f^ood and Drink, IV, Warmth, V, Cleanliness, VI, Light, 
VII Exercise. VIII. Rest. 

Besant.— STUDIES in early French poetry. By 

Walter Besant, M.A. Crown 8vo. 8j. 6d, 

A sort of impression rests on most minds that French literature begins 
with the ''' sihle de Louis Quatorze ;" any previous literature being for 
the most part unknown or ignored. Fezu know anything of the enormous 
literary activity that begatt in the thirteenth century, was carried on by 
Rulebeuf Marie de France, Gaston de Foix, Thibault de Cliampagne^ 
and Lorris ; was fostered by Charles of Orleans, by Margaret of Valois, 
by Francis the First ; that gave a crowd of versifiers to France, enriched, 
strengthened, developed, and fixed the French language, and prepared the 
way for Corneille and for Racine. The present work aims to afford 
information and direction touching these early efforts of France in poetical 
literature. ** In one moderately sized volume he has contrived to introduce 
us to the very best, if not to all of the early French poets, ^^ — Athenaeum. 
^^ Industry, the insight of a scholar, and a genuine enthusiasm for his 
subject, combine to make it of very considerable value. ^^ — SPECTATOR. 

CAMEOS FROM ENGLISH HISTORY— See Yonge (C. M.). 

Delamotte.— A beginner's drawing book. By P. H. 

Delamotte, F.S.A. Progressively arranged, with upwards of 
Fifty Plates. Crown 8vo. Stiff covers. 2s. 6d, 

This work is intended to give such instruction to Beginners in Drawings 
and to place before them copies so easy, that they may not find any obstacle 
in making the first step. Thence foi-^vard the lessons are gradually 
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progressive. Mechanical improvements too have lent their Aid, The whole 
of the Plates have been engraved by a new process , by means of which a 
varying depth of tone — up to the presefit time the distinguishing character- 
istic of pencil drawing — has been imparted to woodcuts, ** We have seen 
and examined agreed many drawing-books , but the one now before us strikes 
us as being the best of them all^ — Illustrated Times. **yf concise^ 
simple, and thoroughly practical work. The letter-press is throughout 
intelligible and to the point. ^^ — Guardian, 

D'Oursy and Feillet.— a FRENCH GRAMMAR AT 

SIGHT, on an entirely new method. By A. D'OuRSY and . 
A. Feillet. Especially adapted for Pupils preparing for Exa- 
mination. Fcap. 8vo. cloth extra. 2s. 6d. 

The method followed in this volume consists in presenting the grammar 
as much as possible by synoptical tables, which, striking the eye at once, and 
following throughout the same order — "used — not used;" ** changes — 
does not change " — are easily remembered. The parsing tables will enable 
the pupil to parse easily from the beginning. The exercises consist of 
translations from French into English, and from English into French ; 
and of a number of grammatical questions. 

Freeman (Edward A.)— old -ENGLISH HISTORY. 

By Edward A. Freeman, D.C.L., late Fellow of Trinity 
College, Oxford. With Five Coloured Maps. Second Edition. 
Extra fcap. 8vo. half-bound, ds. 

The rapid sale of the first edition and the universal approval with which 
it has been received, show that the author^ s convictions have been ' wdl 
founded, that his views have been widely accepted both by teachers and 
learners^ and that the'work is eminently calculated to serve the purpose f-r 
which it was intended. Although full of instruction and calculated hign y 
to interest and even fascinate children, it is a work which may be and has 
been used with profit and pleasure by all. ^^ I have, I hope,^^ the author 
says, ^^ shown that it is perfectly easy to teach children, from the very 
first, to distinguish true history alike from legend and from wilful iiwen' 
tion, and also to understand the nature of historiccU authorities and to weigh 
one statement against another. I have throughout striven to connect the 
history of England with the general history of crinlized Europe, and 
I have especially tried to make the book serve as an incentive to a 
more accurate study of historical geography.^'' In the present edition the 
whole has been carefully revised, and such improvements as suggested 
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Freeman (E. A.) — cmitinned, 

themselves have been introduced, ** The hook indeed is full of instruction 
and interest to students of all ages, and he must be a well-informed man 
indeed who will not rise from its perusal with clearer qnd more accurate 
ideas of a too much neglected portion of English History. ^^ — Spectator. 

HISTORICAL COURSE FOR SCHOOLS. Edited by Edward 
A. Freeman, D.C.L., late Fellow of Trinity College, Oxford. 

The object of the present series is to put forth clear and correct views 
of history in simple language, and in the smallest space and cheapest 
form in which it could be done. It is meant in the first place for 
Schools ; but it is often found that a book for schools proves useful 
for other readers as well, and it is hoped that this may be the case 
with the little books the first instalment of which is now given to 
the world. The General Sketch will be followed by a series of 
special histories of particular countries, which will take for granted 
the main principles laid down in the General Sketch. In every case 
the results of the latest historical research will be given in as simple 
a form as may be, and the several members of the series will all be 
so far under the supervision of the Editor as to secure general ac- 
curacy of statement and a general harmony of plan and sentiment ; 
but each book will be the original work of its author, who wiH 
be responsible for his own treatment of smaller details. The 
Editor himself undertakes the histories of Rome and Switzerland, 
while the others have been put into the hands of various competent 
and skilful writers. 

/. GENERAL SKETCH OF EUROPEAN HISTORY. By 
Edward A. Freeman, D.C.L.. i8mo. cloth, y. 6d, 

The present volume is meant to be introductory to the whole course. It 
is intended to give, as its tiame implies, a general sketch of the history of 
the civilized world, that is, of Europe, and of the lands which liave drawn 
iheif: civilization from Europe, Jts object is to trace out the general rela- 
tions of dijferent periods and different countries to one another, without 
going minutely into the affairs of any particular country. This is an 
object of the first importance, for ivithout clear notions of general history^ 
the history of particular countries can never be rightly understood. The 
narrative extends from the earliest movements of the Aryan peoples, dawn 
to the latest events both on the Eastern and Western Contifients, The 
book consists of seventeen moderately sized chapters, each chapter being 
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divided into a number of short numbered paragraphs, each with a title 
prefixed clearly indicative of the subject of the paragraph. ^^ It supplies 
the great want of a good foundation for historical teaching. The scheme 
is an excellent one, and this instalment has been executed in a way that 
promises much for the volumes that are yet to appeary — EDUCATIONAL 
Times. 

The following will shortly be issued : — 

ENGLAND. By Edith Thompson. 
SCOTLAND. By Margaret Macarthur. 
FRANCE. By the Rev. J. R. Green, M.A. 
ITALY. By the Rev. William Hunt, M.A. 
GERMANY. By J. Sime, M.A. 

Hales.— LONGER ENGLISH POEMS, with Notes, Philological 
and Explanatory, and an Introduction on the Teaching of English. 
Chiefly for use in Schools. Edited by J. W. Hales, M.A., late 
Fellow and Assistant Tutor of Christ's College, Cambridge, 
Lecturer in English Literature and Classical Composition at King's 
College School, London, &c. &c. Extra fcap. 8vo. 4f. dd. 

This work has beett in preparation for some years, and part of it has 
been used as a class-book by the Editor, It is intended as an aid to the 
Critical study of English Literature, and contains one or nwre of the 
larger poems, each complete, of pro juincnt English authors, from Spenser 
to Shelley, including Bur ns^ ''^Cotters' Saturday Night ^^ and ^' Twa 
Dogs^ In all cases the original spelling and the text of the best editions 
have been given ; otily in one or two poems has it been deemed necessary 
to make slight omissions and changes, ^^ that the reverence due to boys 
might be zuell observed." The Introduction consists of Suggestions on 
Teaching of English. The latter half of the volume is occupied with 
copious notes, critical, etymological, and explanatory, calculated to give 
the learner much insight into the structure and connection of the English 
tongue. An Index to the Notes is appended, 

Helfenstein (James).— a comparative grammar 

OF THE TEUTONIC LANGUAGES. Being at the same 
time a Historical Grammar of the English Language, and comprisii^ 
Gothic, Anglo-Saxon, Early English, Modem English, Icelandic 
(Old Norse), Danish, Swedish, Old High German, Middle High 
German, Modem German, Old Saxon, Old Frisian, and Dutch. 
By James Helfenstein, Ph. D. 8vo. i8j. 
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This work traces the different stages of development through which 
tJu various Teutonic languages have passed^ and the laws which have 
regulated their growth. The reader is thus enabled to study the relation 
which these languages bear to one another, and to the English language in 
particular, to which special attention is devoted throughout. In the 
chapters on Ancient and Middle Teutonic Languages no grammatical form 
is omitted the knowledge of which is required for the study of ancient 
literature, whether Gothic or Anglo-Saxon or Early English. To each 
chapter is prefixed a sketch showing the relation of the Teutonic to the 
cognate languages, Greek, Latin, and Sanskrit. Those who have masterai 
the book luill be in a position to proceed with intelligence to the more 
elaborate works of Grimm, Bopp, Pott, Schleicher, and others. 

Hole.— A GENEALOGICAL STEMMA OF THE KINGS OF 
ENGLAND AND FRANCE. By the Rev. C. Hole. On 
Sheet. \s. 

The different families are printed in distinguishing colours, thus 
facilitating reference. 

Jephson.— SHAKESPEARE'S "TEMPEST." With Glossarial 
and Explanatory Notes. By the Rev. J. M. Jephson. Second 
Edition. i8mo. \s. 

It is important to find some substitute for classical study, and it is 
believed that such a substitute may be found in the Plays of Shakespeare, 
For this purpose the present edition of the ** Tempest" has been prepare. 
The introduction treats briefly of the value of the study of language, the 
fable of the play, and other points. The notes are intended to teach the 
student to analyse every obscure sentence and traxe out the logical sequence 
ofthepoet\s thoughts ; to point out the rules of Shakespearis versification; 
to explain obsolete words and meanings ; and to guide the studenfs tOrSte by 
directing Ids attention to such passages as seem especially wortfiy of note for 
their poetical beauty or truth to nature. Tfie text is in the main founded 
upon that of tfie first collected edition of Shakespearis Plays. 

M'Cosh (Rev. Principal). — For other Works by the same 
Author, see Philosophical Catalogue. 

THE LAWS OF DISCURSIVE THOUGHT. Being a Text-Book 
of Formal Logic. By James M*Cosh, D.D., LL.D. Svo-. 5j. 
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In this treatise the Notion {with the Term and the Relation of Thought 
to Language^Ywill be found to occupy a larger relative plctce than in any 
logical work written since the time of the famous ** Art of Thinking.^* 
** We heartily welcome his book as one which is likely to be of great value 
in Colleges and Schools.'" — Athen^UM. 

Morris.— HISTORICAL OUTLINES OF ENGLISH ACCI- 
DENCE, comprising Chapters on the History and Development 
of the Language, and on Word-formation. By the Rev. Richard 
Morris, LL.D., Member of the Council of the Pliilol. Soc, 
Lecturer on English Language and Literature in King's College 
School, Editor of ** Specimens of Early English," &c. &c. Second 
Edition. Extra fcap. 8vo. 6j. 

Dr, Morris has endeavoured to write a work which can be profitably 
used by students and by the upper forms in our public schools. English 
Grammar^ he believes^ without a reference to the older forms, must appear 
altogether anomalous, inconsistent, and unintelligible. His almost un- 
equalled knowledge of early English Literature renders him peculiarly 
qualified to write a work of this kind. In the writing of this volume, 
moreover, he has taken advantage of the researches into our language 
mcuie by all the most eminent scholars in England, America, and on the 
Continent. The author shows the place of English among the languages 
of the world, expounds clearly and with great minuteness * * Grimm^s 
Law,''"' gives a brief history of the English language and an account of 
the various dialects, investigates the history and principles of Phonology, 
Orthography, Accent, and Etymology, and devotes several chapters to the 
consideration of the various Parts of Speech, and the final one to Deri- 
vation and Word-formation. " // makes an era in the study of the 
English tongue."*^ — SATURDAY Review. ^^ He has done his work with 
a fulness and completeness that leave nothing to be desired.^"* — Non- 
conformist. ** ^ genuine and sound book." — ATHENitUM. 

Oppen. — FRENCH READER. For the Use of Colleges and 
Schools. Containing a graduated Selection from modem Authors 
in Prose and Verse ; and copious Notes, chiefly Etymological. By 
Edward A. Oppen. Fcap. 8vo. cloth. 4f. 6d. 

This is a Selection from the best modern authors of France. Its dis- 
tinctive feature consists in its etymological notes, connecting French with 
the classical and modern languages, including the Celtic. This subject 
has hitherto been little disaissed even by the best-educated* teachers. 
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Sonnenschein and Meiklejohn. — the ENGLISH 
METHOD OF TEACHING TO READ. By A. Sonnenschein 
and J. M. D. Meiklejohn, M.A. Fcap. 8vo. 

CoMPRJSJNG : 

The Nursery Book, containing all the Two-Letter Words in 
the Language. \d. (Also in Large Type on Sheets for 
School Walls.) 5j. 

The First Course, consisting of Short Vowels with Single 
Consonants. yL 

The Second Course, tvith Combinations and Bridges, con- 
sisting of Short Vowels with Double Consonants. 4</. 

The Third and Fourth Courses, consisting of Long 
Vowels, and all the Double Vowels in the Language, dd. 

A Series of Books in which an attempt is made to place the process of 
learning to read English on a scientific basis. This has been done by 
separating the perfectly regular parts of tJu language from the irregular^ 
and by giving the re^dar parts to tJie tear tier in the exact order of their 
tUfSctdty. The child begins with the smallest possible element, and adds to 
that dement one letter — in only one of its functions — at one time. Thus 
the sequence is natural and complete. ** These are admirable books, because 
iJiey are constructed on a principle, and tJiat the simplest principle on which 
it is possible to learn to read English." — Spectator. 

Thring. — Works by Edward Thring, M.A., Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN ENGLISH, 
with Questions. Fourth Edition. i8mo. 2s. 

This little work is chiefly intended for teachers and learners. It took its 
rise from questionings in National Schools, and the whole of the frst part 
is merely the writing out in order the answers to questions which have been 
used already with success. A chapter on Learning Language is especially 
addressed to teachers. 

THE CHILD'S GRAMMAR. Being the Substance of "The 
Elements of Grammar taught in English," adapted for the Use of 
Junior Classes. A New Edition. i8mo. \s. 
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Thring — continued, 

SCHOOL SONGS. A Collection of Songs for Schools. With the 
Music arranged for four Voices. Edited by the Rev. E. Thring 
and H. Riccius. Folio. *js, 6d. 

There is a tendency in schools to stereotype the forms of life. Any genial 
solvent is valuable. Games do much; hut games do not penetrate to 
domestic life, and are much limited by age, Mtisic supplies the want. 
The collection includes the ^^ Agnus Dei" TennysotCs "Light Brigade^* 
Macaulay^s " Ivry^'^ &'c, among other pieces. 

Trench (Archbishop). — HOUSEHOLD BOOK OF ENG- 
LISH POETRY. Selected and Arranged, with Notes, by 
R. C. Trench, D.D., Archbishop of Dublin. Extra fcap. 8vo, 
5^. (id. Second Edition. 

This volume is called a *' Hottsehold Book,^^ by this name implying that 
it is a book for all — that there is nothing in it to prevent it from being 
confidcTiily placed in the hands of every member of the household. Speci- 
mens of all classes of poetry are given^ including selections from living 
authors. The Editor hcLS aimed to produce a book " which the emigrant^ 
finding room for little not absolutely necessary, might yet find room for 
in his trunks and the traveller in his knapseuk, and that on some narrow 
shelves where there are feiu books this might be one," ** The Archbishop 
has conferred in this delightful volume an important gift on the whole 
English-speaking population of the world," — Pall Mall Gazette. 

ON THE STUDY OF WORDS. Lectures addressed (originally) 
to the Pupils at the Diocesan Training School, Winchester. 
Thirteenth Edition. Revised and Enlarged. Fcap. 8vo. 4$'. (>d. 

This, it is believed, was probably the first work which drew general 
attention in this country to the importance and interest of the critical and 
historical study of English. It still retains its place as one of the most 
successful, if not the only, exponent of those aspects of words of which it 
treats. The subjects of the several Lectures are, (i) Introduction; (2) 
On the Poetry of Words ; (3) On the Morality of Words; (4) On- the 
History of Words ; (5) On the Rise of New Words ; (6) On the Dis' 
title tion of Words ; (7) The Schoolmaste^-^s Use of Words. 

ENGLISH, PAST AND PRESENT. Seventh Edition, revised 
and improved. Fcap. Svo. 4J-. 6d. 
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Trench (Archbishop)— (r^«//>/7/<f^. 

This is a series of Eight Lectures^ in the first of which Archbishop 
Trench considers tJu English language as it now is, decomposes some 
specimens of it, and thus discovers of what element it is compact. In 
the second Lecture he considers what the language might have been if the 
Norman Conquest had never taken place. In the following six Lectures 
he institutes from various points of vie^v a comparison between the present 
language and the past, points out gains which it has made, losses which it 
has endured, and generally calls attention to some of the more important 
changes through which it has passed, or is at present passing. 

A SELECT GLOSSARY OF ENGLISH WORDS, used formerly 
in Senses Different from their Present. Third Edition. Fcap. 
8vo. 4^. 
This alphabetically arranged Glossary contains many of the most im- 
portant of those English words which in the course of time have gradually 
changed their meanings. The author's object is to point out some of these 
changes, to suggest how many more there may be, to show how slight and 
subtle, while yet most real, these changes have often been, to trace here and 
there the progressive steps by which the old meaning has been put off and the 
neiv put on, — the exact road which a word has travelled. The author thus 
hopes to render some assistance to those who regard this as a serviceable 
discipline in the training of their own minds or the minds of others^ 
Although the book is in the form of a Glossary, it will be found as interest- 
ing as a series of brief well-told biographies. 

Vaughan (C. M.)— a shilling book of words 

FROM THE POETS. By C. M. Vaughan. i8mo. cloth. 
It has been felt of late years that the childi-en of our parochial schools, 
and those classes of our countrymen which they commonly represent, are 
capable of being interested, and therefore benefited also, by something higher 
in the scale of poetical composition thdn those brief and somewhat puerile 
fragments to which their knowledge was formerly restricted. An attempt 
has bten made to supply the want by forming a selection at once various 
and unambitious ; healthy in tone, just in sentiment, elevating in thought, 
and beautiful in expression. 

Yonge (Charlotte M.)— a parallel HISTORY OF 

FRANCE AND ENGLAND : consisting of Outlines and Dates. 
By Charlotte M. Yonge, Author of **The Heir of Redclyffe," 
** Cameos of English History," &c. &c. Oblong 4to, 3^. 6</. 
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Yonge (Charlotte M.) — continued. 

This tabular history has been drawn up to supply avt^int/elt by many 
teachers of some means of making their pupils realize wh<Cit. events, in the 
two countries were contemporary, A skeleton narrative has been con- 
structed of the chief transections in either country^ placing a column 
between for what affected both alike^ by which means it is hoped that young 
people may be assisted in grasping the mutual relation of events. ** We 
can imagine few more really advantageous courses of historical study for 
a young mind than going carefully and steadily through Miss Yonge's 
excellent little Aook," — Educational Times. 

•CAMEOS FROM ENGLISH HISTORY. From Rollo to Edward 
II. By the Author of "The Heir of RedcIyfTe." Extra fcap. 
8vo. Second Edition, enlarged, y, 6d. 

The endeavour has not been to chronicle factSy but to. put together a series 
of pictures of persons and events^ so as to arrest the attention, and give 
some individuality and distinctness to the recollection^ by gathering together 
details at the most memorable moments. Tlie " Cameos " are intended as 
a book for young people just beyond the elementary histories of England, 
and able to enter in some degree into tht real spirit of events, and to be 
struck with characters and scenes presented in some relief " Instead of 
dry details,^ says the NONCONFORMIST, *^we have living pictures^ faith- 
ful ^ vivid, and striking^ 

A Second Series of CAMEOS FROM ENGLISH HISTORY. 
The Wars in France. Extra fcap. 8vo. pp. xi 415. 5^. 

This new volume^ closing with the Treaty of Arras, is the history of the 
struggles of Plantagenet and Valois. It refers, accordingly, to one of the 
most stirring epochs in the medicpval era, including the battle of Poictiers, 
the great Schism of the West, the Lollards, Agincourt and Joan of Arc, 
The authoress reminds her readers that she aims merely at ** collecting from 
the best authorities such details as may present scenes and personages to the 
eye in some fulness ;^^ her Cameos are a ^'■collection of historical scenes 
and portraits such as the young might find it difficult to form for themselves 
without access to a very complete library." ** Though mainly intended," 
says the John Bull, ^"^ for young readers, they will, if we mistake not, be 
found very acceptable, to those of more mature years, and the life and 
reality imparted to the dry bones of history iuuuotfail to be attractive t:> 
readers of every age. " 

E 
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Yonge (Charlotte M.) — continued. 

EUROPEAN HISTORY. Narrated in a Series of Historical Selec- 
tions from the Best Authorities. Edited and arranged by E. M. 
Sewell and C. M. Yonge. First Series, 1003 — 1154. Crown 
8vo. 6x. Second Series, 10S8 — 1228. Crown 8vo. 6j. 

When young children have acquired the outlines of History from ctbridg' 
ments and catechisms, and it becomes desirable to give a more enlarged 
view of the subject, in order to render it really useful and interesting, a 
difficulty often arises as to the choice of books, Tkoo courses are open, either 
to tcJte a getteral and consequently dry history of facts, such as Russd^s 
Modern Europe, or to choose some work treating of a particular period or 
mbject, such as the works of Macaulay and Froude, The former course 
usually renders history uninteresting; the latter is unsatisfactory because 
it is not sufficiently comprehensive. To remedy this difficulty. Selections, 
continuous and chronological, have, in the present volume, been taken from 
the larger works of Fruman, Milman, JhUgrave, and others, which may 
serve as distinct lattdmarks of historical reading, " We know of scarcely 
anything,^* says the Guardian of this volume, ^^ which is so likely to raise 
to a higher level the average standard of English education,^* 

THE ABRIDGED BOOK OF GOLDEN DEEDS. A Reading 
Book for Schools and General Readers. By the Author of " The 
Heir of RedclyfTe." i8mo. cloth, is. 

A record of some of the good and grecU deeds of all time, abridged from 
the larger work of the same author in the Golden Treasury Series, 
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*»• For other Works by these Authors, see Theological Catalogue. 

Abbott (Rev. E. A.)— BIBLE LESSONS. By the Rev. 
E. A. Abbott, M.A., Head Master of the City of London 
SchooL Second Edition. Crown 8vo. 45. dd, 

TTiis hook is Tvriiten in the form of dialogues carried on between a 
teacher and pupil, and its main object is to make the scholar think for 
himself. The great bulk of the dialogues represents in the spirit^ and 
often in the words, the religious instruction which the author has been 
in the habit of giving to the Fifth and Sixth Forms oj the City of London 
School. The author has endeavoured to make tfie dialogues thoroughly 
unsectarian, ** H^ise, suggestive, and recdly profound initiation into religious 
thought." — Guardian. ^^ I think nobody could recul them without being 
both the better for them himself and being also able to see how this difficult 
duty of imparting a sound rdigious educcUion may be effected.*^ — From 
Bishop of St. David's Speech at the Education Conference 
AT Abergwilly. 

Arnold.— A bible-reading for schools. The 

Great Prophecy of Israel's Restoration (Isaiah, Chapters 
40 — 66). Arranged and Edited for Young Learners. By Mat- 
thew Arnold, D.C.L., formerly Professor of Poetry in the 
University of Oxford, and Fellow of OrieL Third Edition. iSmo. 
cloth, i^. 

** Schools for the people,^* the power of letters — which embraces nothtnj^ 
less than the whole history of the human spirit — has hardly been brou^hi 
to bear at all. Mr. Arnold, in this little volume, attempts to remedy thti 
defect, by doing for the Bible what has been so abundantly done for Greek 
and Roman, as well as English authors, 7nz. — taking " some wfiole, of 
admirable literary beauty in style and treatment, of manageable length, 

£2 
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within defined limits ; and presenting this to the learner in an intelligible 
thapey adding suck explanations and helps as may enable him to grasp 
ft as a connected and complete work." Mr. Arnold thinks it clear thai 
nothing could more excutly suit the purpose than what the Old Testament 
pves us in the last twenty-seven chapttrs of the Book of Isaiah^ beginning 
" Comfort ye^' 6r*c. He has endeavoured to present a perfectly correct 
textf maintaining at the same time the unparalleled balance and rhythm of 
the Authorised Version. In an Introductory note, Mr. Arnold briefly 
sums up the events of yeiuish history to the startingr point of the chapters 
chosen ; and, in the copious notes appended, every assistance is given to the 
fomplete understanding of the text. There is nothing in the book to hinder 
(he adherent of any school of interpretation or of religious belief from 
using it, and from putting it into the hands of children. The Preface 
contains much that is interesting and valuable on the relation of " letters " 
to education, of the principles that ought to guide the makers of a new 
version of the Bible, and other important matters. Altogether, it is 
ftelieved the volume will be found to form a text-book of the greatest value 
to schools of all classes. **Mr. Arnold has done the greatest possible service 
fo the public. We never read any translation of Isaiah which interfered 
so little with the musical rhythm and associations of our English Bible 
translation, while doing so much to display the missing links in the con- 
nection of the parish — SPECTATOR. 

Cheyne (T. K.)— the book OF ISAIAH CHRONO- 
LOGICAIXY ARRANGED. An Amended Version, with 
Historical and Critical Introductions and Explanatory Notes. By 
T. K. Cheyne, M.A., Fellow qf BalUol College, Oxford. 
C^own 8vo. 7J. dd. 

The object of this edition is simply to restore the probable meaning of 
Isaiah, so far as this can be expressed in modern English. The basis of 
(he version is the revised translation of i6l I, but no scruple has hen felt 
in introducing alterations, wherever the true sense of the prophecies 
appeared to require it. ** A piece of scholarly work, very carefully and 
considerately done." — Westminster Review. 

jCiolden Treasury Psalter, — students' Edition. Being an 

Edition of "The Psalms Chronologically Arranged, by Four 
Friends," with briefer Notes. i8mp. 3^-. dd. 

In making this abridgment of " The Psalms Chronologically Arranged, " 
fhe editors have endeavoured to tneet the requirements of readers of a 
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different class from those for whom the larger edition was intended. Some 
who found the large book useful Jor private readings have asked for an 
edition of a smaller size and at a lower i>rice^ for family use^ while at the 
same tim£ some Teachers tn Public Schools have suggested that it would be 
convenient for them to have a simpler book, which they could put into the 
hands of younger pupils. ** It is a gem^^^ says the NONCONFORMIST. 



Hardwick.— A HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommunication 
of Luther. Edited by William Stubbs, M. A., Regius Professor 
of Modern History in the University of Oxford. With Four Maps 
constructed for this work by A. Keith Johnston. Third Edition. 
Crown 8vo. loj. 6^. 

Although the ground-plan of this treatise coincides in many points with 
that of the colossal work of Schrbckh, yet in arranging the materials a 
very different course has frequently been pursued. With regard to his 
opinions the late author avowed distinctly that he construed history with 
the specific prepossessions of an Englishman and a member of the 
English Church. The reader is constantly referred to the authorities, 
both original and critical, on which the statements are founded. For this 
edition Professor Stubbs hcts carejully revised both text and notes, making 
such corrections of facts, dates, and the like as the results of recent 
research warrant. The doctrinal, historical, and generally speculative 
views of the late author have been preservtd intact. * * As a manual J or 
the student of ecclesiastical history in the Middle Ages, we know no 
English work which can be compared to Mr. Hardwick^ s book,^* — 
Guardian. 

A HISTORY OF THE CHRISTIAN CHURCH DURING THE 
REFORMATION. By Archdeacon Hardwick. Revised by 
Francis Procter, M. A. Second Edition. Crown 8vo. 10s. 6d* 

This volume is intended as a sequel and companion to the ** History of 
the Christian Church during the Middle Age** The authot^s earnest 
wish has been to give the reader a trustworthy version of those stirring 
incidents which mark the Reformation period, without relinquishing his 
former claim to charcuterise peculiar systems, persons, and events according 
to the shades and colours they cusume, when contemplated from an English 
point of view and by a member of the Church of England, 
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Maclear.— Works by the Rev. G. F. MACLEAR, D.D., Head 
Master of King's College School, and Preacher at the Temple 
Church. 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. Sixth 
Edition, with Four Maps. i8mo. cloth. 41. (yd. 

This volume forms a Class-book of Old Testament History from the 
earliest times to those of Ezra and Nehemiah. In its preparation the 
most recent authorities have been consulted^ and wherever it has appeared 
useful^ Notes have been subjoined illustrative of the Texty andy for the sake 
ef more advanced students^ references cuided to larger works. The Index 
has been so arranged as to form a concise dictionary of the persons and 
pieces mentioned in the course of the narrative; while the Maps, which have 
been prepared with considerable care at Stanford's Geographical Establish- 
ment, tvtll, it is hoped, materially add to the value and usefulness of the 
Book. ** A careful and elaborate though brief compendium of cUl that 
modern research has done for the illustration of the Old Testament. We 
know of no work which contains so much important information in so 
small a compass.'* — British Quarterly Review. 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, Including 
the Connexion of the Old and New Testament. With Four Maps. 
Fourth Edition. i8mo. cloth, ^s. 6d. 

A sequel to the author's Class-book of Old Testament History , continuing 
the narrcUvve from the point at which it there ends, and carrying it on to 
the close of St. Pauts second imprisonment at Rome. In its preparcUion, 
as in that of the former volume, the most recent and trustworthy authorities 
have been consulted, notes subjoined, and references to larger works added. 
It is thus hoped thcU it may prove at once an useful class-book artd a 
convenient companion to the study of the Greek Testament. **A singularly 
clear and orderly arrangement of the Sacred Story. His work is solidly 
and completely done." — ATHENiEUM. 

A SHILLING BOOK OF OLD TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. i8mo. 
cloth. 

A SHILLING BOOK OF NEW TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. i8mo. 
cloth. 

These works have been carefully abridged from the author's larger 
manuals. 



DIVINITY. 71 



Maclear — continued, 

CLASS-BOOK OF THE CATECHISM OF THE CHURCH OF 
ENGLAND. Second Edition. i8mo. cloth. 2j. dd. 

This may be regarded as a sequel to the Class-books of Old and New 
Testament History. Like them, it is furnished with notes and references 
to larger works, and it is hoped that it [may be found, especially in the 
higher forms of our Public Schools, to supply a suitable manual of 
instruction in the chief doctrines of the English Church, and a useful 
help in the preparation of candidates for Confirmation, ** It is indeed 
the work of a scholar and drvine, and as such, though extremely simple, 
it IS also extremely instructive. There are few clergymen who would not 
Jind it useful in preparing candidates for Confirmation ; and there are 
not a few who would find it useful to themselves cls wdV^ — Literary 
Churchman. 

A FIRST CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND, with Scripture Proofs, for Junior 
Classes and Schools. i8mo. (>d, 

THE ORDER OF CONFIRMATION. A Sequel to the Class 
Book of the Catechism. For the use of Candidates for Confirma- 
tion, With Prayers and Collects^ i8mo. 3^/. 

Mauricc—THE LORD'S PRAYER, THE CREED, AND 
THE COMMANDMENTS. A Manual for Parents and School- 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. Denison Maurice, M. A. Professor of Moral Philosophy 
in the University of Cambridge. i8mo. cloth limp. ij. 

Procter. — a history of the book of common 

PRAYER, with a Rationale of its Offices. By Francis Procter, 
M.A. Tenth Edition, revised and enlarged. Crown 8vo. 
lOf. ()d. 

In the course of the last twenty years the whole question of Liturgical 
knowledge has been reopened with great learning and accurate research ; 
and it is mainly with the view of epitomizing extensive publications, and 
correcting the errors and misconceptions which had obtained currency, 
that the present volume has been put together, *' We admire the author's 
diligence, and bear willing testimony to the extent and accuracy of his 
reading. The origin of every part of the Prayer Book has been diligently 
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mvestigated^ and there are few questions of facts connetted with it which 
are not either sufficiently explained ^ or so referred to that persons interested 
may work out the truth for themselves*'' — ATHEN^^iUM. 

^Procter and Maclear.— an elementary intro- 
duction TO THE BOOK OF COMMON PRAYER. 
Re-arranged and supplemented by an Explanation of the Momintr 
and Evening Prayer and the Litany. By the Rev. F. Procter 
and the Rev. G. F. Maclear. Fourth Edition. i8mo. 2j. 6t/. 

As in the other Class-books of the series^ Notes have also been sttbjoined^ 
'»nd references given to larger works ^ and it is hoped that the volume will 
be found adapted for use in the higher forms of our Public Schools ^ and a 
suitable manual for those preparing for the Oxford and Cambridge local 
examinations. This New Edition has been considerably altered, and 
several important additions have been made. Besides a re-arrangement 
of the work generally^ the Historical Portion has been supplemented by an 
Explanation of the Morning and Evening Prayer and of the Litany, 

Psalms df David Chronologically Arranged. By 

Four Friends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Crown 8vo. 8^. (kl. 

To restore the Psalter as far as possible to the order in which the Psalms 
were written, — to give the division of each Psalm into strophes, of each 
strophe into the lines which composed it, — to amend the errors of translation, 
is the object of the present Edition. Professor Ewald*s works, especially 
that on the Psalms, have been extensively consulted. This book has been 
used with satisfaction by masters for private work in highe*' classes in 
schools. The Spectator calls this ** one of the most instructive and 
-jcduabU books that has been published for many year s^,^ 
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Ramsay. — ^THE C ATECHISER'S manual ; or, the Church 
Catechism Illustrated and Explained, for the use of Clei^ymen, 
Schoolmasters, and Teachers. By the Rev. Arthur Ramsay, 
M.A. Second Edition. i8mo. is. 6d, 

A clear explanation of the Catechism, by way of Question and Answer. 
** This is by far the best Manual on the Catechism we have met with," 
—English Journal of Education. 
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Simpson.— AN EPITOME OF THE HISTORY OF THE 
CHRISTIAN CHURCH. By ' William Simpson, M.A. 
Fifth Edition. Fcap. 8vo. y, 6d. 

A compendious summary of Church History, 

SwainSOn. — a handbook to BUTLER'S ANALOGY. By 
C. A. SWAINSON, D.D., Canon of Chichester, Crown 8vo. 
\s. 6d. 

This manual is designed to serve cts a handbook or road-book to the 
Student in reading the Analogy , to give the Student a sketch or outline map 
of the country on jvhich he is entering, and to point out to him matters of 
interest as he pctsses along. 

Trench.— SYNONYMS OF THE NEW TESTAMENT. By 
R. Chevenix Trench, D.D., Archbishop of Dublin. New 
Edition, enlarged. 8vo. cloth. I2s. 

The study of synonyms in any language is valuable as a discipline 
for training the mind to close and accurate habits of thought : more 
especially is this the case in Greek — " a language spoken by a people of the 
f nest afui subtlest intellect ; who sazu distinctions where others saw none; 
loho divided out to different words what others often were content to huddle 
confusedly under a common term. This work is recognised as a valuable 
companion to every student of the New Testament in the original. ThiSy 
the Seventh Edition^ has been carefully revised, and a considerable number- 
of new synonyms added. Appended is an Index to the Synonyms, and an 
Index to many other words alluded to or explained throughout the work. 
^^ He is,^^ the AxHENiEUM says, ** a guide in this department of know- 
ledge to whom his readers may intrust themselves with confidence. His 
sober judgment and sound sense are barriers against the misleading 
influence of arbitrary hypotheses. ^^ , 

WeStCOtt.— Works by BROOKE FOSS WESTCOTT, B.D., 
Canon of Peterborough. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Third Edition, revised. Crowa 
8vo. IQr. 6d, 
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W e St c tt — continued. 

The author has endeavoured to connect the history of the New Testament 
Canon with the grffivth and consolidation of the Churchy and to point out 
the relation existing betweett the amount of evidence for the authenticity of 
Us component parts^ and the whole mass of Christian literature. Such a 
method of inquiry will convey both the truest notion of the connection of the 
written IVovd with the living Body of Christy and the surest conviction of 
its divine authority. Of this work the S ATU rday Review writes : ** Theo- 
logical students f and not they only^ but the general public , owe a deep debt 
of gratitude to Mr. Westcott for bringing this subject fairly before theni 
in this candid and comprehensive essay, .... As a theological work it is 
at once perfectly fair and impartial ^ and imbued with a thoroughly* 
religious spirit; and as a manual it exhibits^ in a lucid form and in a 
narrow compass^ the results of extensive research and accurate thought. 
We c&rdially recommend it.** 

INTRODUCTION TO THE STUDY OF THE FOUR GOSPELS. 
Fourth Edition. Crown 8vo. lOf. 6d, 
The author's chief object in this wjrk is to show that there is a true 
mean between the idea of a formal harmonization of the Gospds and the 
etbandonment of their absolute truth. The treatise consists of ei^ht 
chapters: — /. The Preparation for the Gospel. II, The Jewish Doctrine 
of the Messiah. HI. The Origin of the Gospdf, IV, The Charac- 
teristics of the Gospels. V, The Gospel of St. John. VI, &^ VII. The 
Differences in detail and of arrangement in the Synoptic Evangelists. 
VIII. The Difficulties of the Gospels, ^* To a learning and accuracy 
which commands respect and confidence^ he unites what are not always to 
be found in union with these qualities^ the no less valuable faculties of lucid 
arrangement and graceful and facile expression," — London Quarterly 
Review. 

A GENERAL VIEW OF THE HISTORY OF THE ENGLISH 
BIBLE. Crown 8vo. los, 6d, Second Edition. 

" TTie first trustworthy cLccount we have had of that unique and mar- 
vellous monument of the piety of our ancestors,^* — DAILY News. 

" A brief scholarfyy and, to a great extent^ an original contribution to 
theological literature. He is the first to offer any considerable contribu- 
tions to what he calls their interned history ^ which deeds with their rdation 
to other texts^with their filiation one on another, and with the principles by 
which they have been successively modified," — Pall Mall Gazette. 
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We stcott — continued. 

THE BIBLE IN THE CHURCH. A Popular Account of the 
Collection and Reception of the Holy Scriptures in the Christian 
Churches. New Edition. i8mo. cloth. 4J. td. 
The present book is an attempt to answer a request ^ which has been made 
from time to time^ to place in a simple form^ for the use of genei^al readers^ 
the substance of the author's *^ History of the Canon of the New Testament.*' 
An elctborate and comprehensive Introduction is followed by chapters on 
the Bible of the Apostolic Age; on the Growth of the New Testament ; the 
Apostolic Fathers ; the Age of the Apologists ; the First Christian Bible ; 
the Bible Proscribed and Restored; the Age of Jerome and Augustine ; 
the Bible of the Middle Ages in the West and in the East, and in the 
Sixteenth Century. 7 wo Appendices on the History of the Old Testament 
Canon before the Christian Era, and on the Contents of the most ancient 
MSS. of the Christian Bible, complete the volume. * * We would recommend 
every one who loves and studies the Bible to read and ponder this exquisite 
little book. Mr. Westcotfs account of the *Canon^ is txue history in its 
highest sense^^ — Literary Churchman. 

THE GOSPEL OF THE RESURRECTION. Thoughts on its 

Relation to Reason and History. New Edition. Fcap. 8vo. 

4J. dd. 

This Essay is an endeavour to consider some of the elementary truths 

of Christianity as a miraculous Revelation, from the side of History and 

Reason. If the arguments which are here adduced are valid, they will go 

far to prove that the Resurrection, with all that it includes, is the key to 

the history of man, and the complement of reason. 

Wilson.— THE BIBLE STUDENT'S GUIDE to the more Correct 
Understanding of the English translation of the Old Testament, 
by reference to the Original Hebrew. By William Wilson, 
D.D., Canon of Winchester, late Fellow of Queen's College, 
Oxford. Second Edition, carefully Revised. 4to. cloth. 25^. 
This work is the result of almost incredible labour bestowed on it during 
many years. Its object is to enable the readers of the Old Testamettt 
Scriptures to penetrate into the real meaning of the sacred writers. All the 
English words used in the Authorized Version are alphabetically arranged, 
and beneath them are given the Hebrew equivalents, with a careful expla- 
nation of the peculiar signification and construction of each term. The 
knowledge of the Hebrew language is not absolutely necessary to the profit- 
able use of the work. Devout and accurate students of the Bible, entirely 
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unacqtuiintai with Hel)rew^ may cUrwe great advantage from Jr^uent 
reference to it. It is especiaily adapted for the use of the clergy, ** For all 
earnest students of the Old Testament Scriptures it is a most valuable 
Manual. Its arrangement is so simple that those who possess only their 
mother-tongue^ if they will take a little pains, may employ it with great 
profit. " — Nonconformist. 

Yonge (Charlotte M.)— SCRIPTURE READINGS FOR 
SCHOOLS AND FAMILIES. By Charlotte M. Yonge. 
Author of "The Heir of Redclyffe." Globe 8vo. \s. 6d. 
With Comments, 3J. 6d. 

A Second Series. From Joshua to Solomon. Extra fcap. 
is. 6d. With Comments, 3J. 6d» 

Actual need has led the author to endeavour to prepare a reading book con- 
venient for study with children, containing the very words of the Bible, with 
only a few expedient omissions, and arranged in Lessons of such length as by 
experience she has found to suit with children's ordinary power of accurate 
attentive interest. The verse form has been retained, because of its con- 
venience for children reading in class, and as more resembling their Bibles ; 
hut the poetical portions have been given in their lines. When Psalms or 
portions from the Prophets illustrate or fall in with the narrative they are 
given in their chronological sequence. The Scripture portion, with a very 
few notes explanatory of mere words, is bound up apart, to be used by 
children, while the same is also supplied with a brief comment, the purpose 
of which is either to assist the teacher in explaining the lesson, or to be 
used by more advanced young people to whom it may not be possible to give 
access to the authorities whence it has been taken. Professor Huxley, at a 
meeting of the London School Boards particularly mentioned the selection 
mcule by Miss Yonge as an example of how selections might be made from 
the Bible for School Reading. See TIMES, March 30, 1 87 1 . 
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Arnold.— A FRENCH ETON : OR, MIDDLE - CLASS 
EDUCATION AND THE STATE. Fcap. 8vo. cloth. 2j. ^d. 

This interesting little volume is the result of a visit to France in 1859 
by Mr. Arnold^ authorized by the Royal Commissioners ^ who were then 
inquiring into the state of popular education in England^ to seek^ in their 
name, information respecting the French Primary Schools. ** A very 
interesting dissertation on the system of secondary instruction in France, 
and on the advisability of copying the system in England. ^^ — Saturday 
Review. 

Jex-Blake.— A visit to some American schools 

AND colleges. By Sophia Jex-Blake. Crown 8vo. 
cloth. 6j. 

** In the following pages I have endeavoured to give a simple and 
accurate account of what I saw during a series of visits to some of the 
Schools and Colleges in the United States. . . . I wish simply to give other 
teachers an opportunity of seeing through my eyes what they cannot 
perhaps see for themselves, and to this end I have recorded just such parti- 
culars as I should myself care to know" — Author's Preface. *^Miss 
Blake gives a living picture of the Schools and Colleges themsehes in which 
that education is carried on." — Pall Mall Gazette. 

Maclaren.— TRAINING, IN theory and practice. 

By Archibald Maclaren, the Gymnasiimij Oxford. 8vo. 
Handsomely bound in cloth, yj. 6^. 

The ordinary agents of health are Exercise, Diet, Sleep, Air^ Bathings 
and Clothing. In this work the author examines each of these agents 
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in detail^ and from two different points of view. Firsts as to the manner 
in which it is^ or should be, administered under ordinary circumstances : 
and secondly^ in what manner and to what extent this mode of adminis- 
tration iSf or should be, altered for purposes of training ; the object of 
*^ training,** according to the author, being ^^ to put the body, with extreme 
and exceptional care, under the influence of all the agents which promote 
its health and strength, in order to enable it to meet extreme and excep- 
tional demands upon its energies.''* Append^ are various diagrams and 
tables relating to boat-racing, and tables connected with diet and training. 
" The philosophy of human health has sddom received so apt an exposi- 
tion.** — Globe. ** After all the nonsense that has been written about 
training, it is a comfort to get hold of a thoroughly sensible book at last. " 
— ^JoHN Bull, 



Quain (Richard, F.R.S.) — oN SOME DEFECTS IN 

GENERAL EDUCATION. By Richard Quain, F,R.S. 
Crown 8vo. 3^. td. 

Having been charged by the College of Surgeons with the delivery of the 
ffunterian Oration for i%6% the author has availed himself of the occa- 
sion to bring under notice some defects in the general education of the 
country^ which, in his opinion, affect injuriously all classes of the people, 
and not least the members of his own profession. The earlier pages of the 
address contain a short notice of the genius and labours of John Hunter, 
but the subject of Education will befouftd to occupy the larger part. * *An 
interesting addition to educational literature.** — Guardian. 



Selkirk.— GUIDE TO THE CRICKET-GROUND. By G. H. 
Selkirk. With Woodcuts. Extra fcap. 8vo. ^s. 6d. 

The introductory chapter of this little work contains a history of the 
National Game, and is followed by a chapter ^^iving Definitions of Terms. 
Thtn follow ample directions to young cricketers as to the proper style in 
which to play, information being given on every detail connected with the 
game. The book contains a number of useful illustrations, including a 
specimen scoring-sheet. ** We can heartily recommend to all cricketers, old 
and youn^, this excellent Guide to the Cricket-ground,'' — Spurtini; 
Life. 
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Tiiring. — EDUCATION AND SCHOOL. By the Rev. Edward 
Thrtng, M.A., Head Master of Uppingham School. Second 
Edition. Crown 8vo. cloth. 5^. 6</. 

**^« invaluable book on a subject of the highest importance, ^^^^ 
English Independent. 



Vandervell and Witham. — a SYSTEM OF FIGURE- 
SKATING : Being the Theory and Practice of the Art as de- 
veloped in England, with a Glance at its Origin and History. By 
H. E. Vandervell and T. M. Witham, Members of the London 
Skating Club. Extra fcap. 8vo. dr. 

** The authors are evidently well qualified fiyr the task they have under* 
taken ; and although they have selected a title for their work which might 
possibly deter a diffident learner from looking into its pageSj they have 
nevertheless begun at t/ie beginnings and without assuming any knowledge 
on the part of the reader , they have clearly pointed out^ by a series of in- 
structive diagrams^ the footprints of the skater , as developed in lines and 
figures, from the lowest to the highest stage of difficulties.^* — The Field. 
" The volume may be accepted as a manual for the use of all skaters,*^ — 
Bell's Life. 



Wolseley (CoL Sir Garnet, C.B.) — the SOLDIER'S 
POCKET BOOK. By Colonel Sir Garnet Wolseley, C.B. 
New Edition, enlarged. 41. 6^. 

Tliis book is indispensable to every soldier ^ whether of the Regular Army 
or of the Volunteers^ who seeks to be an intelligetit defender of his country. 
Full instructions are given on the widest and minutest matters, and the 
book is written in a clear , lively style, that at once arrests attention and 
conveys the desired knowledge. The New Edition contains all the most 
recent Regulations for the Army and Volunteers ; also, for the first time, 
the Uses and Management of Railways in the operations of War are fully 
discussed. The Times says, *^ Everybody feels that it is just what he 
wanted ;" the Daily Telegraph, ** Every soldier who wishes to under- 
.'^^tfd hi^ i)rofession ought to have it f* and the VoLUNTRER ServicX 
Gazeti'e strongly recommends Volunteers to peruse it diligently. 
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YoumanS.— MODERN CULTURE : ite True Aims and Require- 
ments. A Series of Addresses and Arguments on the Claims of 
Scientific Education. Edited by Edward L. Youmans, M.D. 
Crown 8vo. %s. dd, 

CosTEsrs.— Pro/fssor Tyndall ** On the Study of Physics '^^ Dr. 
Dau'teny ** On the Study of Chemistry ;" Professor Henfrey " On the 
Study of Botany ;" J^ofessor Huxley on the Study of Zoology ;" £>r. j. 
Pairet ** On the Study of Physiology ;'' Dr. Whewell ''On the Educa- 
tional History of Science f^ Dr, Faraday ** On the Edtuatian of the 
Judgment ; Dr. Hodgson " On the Study of Economic Science f* Mr. 
Herbert Spencer '' On Political Education ;" Projessor Masson *' On 
College Education and Self Education ;^* Dr. Youmans " On the Scientific 
Study of Human Nature. " An Appendix contains extracts from dis- 
tinguished authors f and from the Scientific Evidence given before the Public 
Schools Commission. 
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